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. ~ •. 
ln spite of the wides·oread use of large sea.le, stored :program 
' 
digital comput·3rs, there is still an·· extensive grout;> of C(?mpt1tational 
' 
·· - ···- · -tasks more /easily ·carried ·out····-ustn·g·-··an-·-··ad-d·i-ni·machine or desk calculator. 
An. electronic digital ca~culator is proposed having the capability to 
add, subtract, multi-oly and divide. The internal logic of the machine 
,, 
was designed with the intention of using square hysteresis - "loon ~ 
ferrite toroidal core circuitry. Square-loop magnetic core logic was 
chosen because of the range of switching sueeds involved, corrroonent 
' 
·, 
\ 
reliability, and low com~onent cost • 
... 
\ A review is made of the operational aspects .of the two basic core:.· 
logic circuits used. Some of the inherent shortcomings of these two 
.. 
circuits initiated consideration of other ferrit~ switching devices such 
as the transfluxor. 
The proposed system carries out arithmetic using the "brute force 
method", i.e., addition and subtraction -oy counting, multi~lication by 
repea:ted additions, division by repeated subtractions. Th~ calculator 
employ_s two extensive registers in nerf orming addition and subtraction, 
( 
with a third register required for multiplication and division. Each of 
these large registers consists of a number of reversible shift registers, 
one shift register for each decade the large register is to be capable 
FJ·••·· 
..,....... 
- ~ 
of storing. Additional ·clrc111:try·,-1s. required for timin~, ~O:~trol, and 
\_... t innut-out-ou. ··• -----_---
In o·rder to further investigate the feasibility of the proposed . 
calcula~or, and to check the logic and timiD£, one decade of the two 
' 
'·) 
main registers and a portion of the control circuitry was .constructed. 
Before this could be accomplished it was first necessary to design.-and 
'. ~ . ' 
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test 
6
S-pecific ferrite core circuits and the corresponding pulse drivers. 
Computer pi;-ograms were written to imnlemen.t design algorithms for the 
ferrite core circuits. The section of· logic built using the above 
••• 
menti·oned circuit designs was found- to function correctly. 
--- -·----'··. ···--·-- ··--·-···-···-·----······· 
- . - ----------- --- -.----------·····-···-·-··--··· Consideratioa is given to the various aspects of out~ut requirements 
.,and display of same. 
Limitations in the logic capabilities of ferrite toroidal core 
. circuitry become appa.rel!t in the detailed consideration of the system 
logic. Possible improvements and simplifications through the use of 
other ferrite components is considered. 
In view of the recent precipitant downtrend in the per-unit cost 
of digital integrated circuits, consideration is given as to the 
applicability of the logi.c system to the use. of such microcircuits. 
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J J. 
I. Introduction 
'l'he capabilities of the stored program dig! tal comuuter have 
largely supplantee1 the necessity for hand cornput·ation ('with or without 
' ), 
the· aid of mechanical addine mac}J..ines and calc11la tors) of reueti ti ve 
.~d/or tedious calculations. Howev.~r,: there is ·still a large group of 
computational .tasks mo·re easily· (and. :often more economically) carried 
.. 
out using an adding machine or· calculator. For example. where ~i ther. 
the expense of setting up and ~ning a program is not justified 
. 
because of the non-repetitive ·nature of the problem, or where the 
p·roblem may require considerable user interaction. Finally, the problem 
may just be so simple that using a large scale digital computer on it 
would be like shooting mice with an elephant gun. An example of such a 
problem would be minor business bookkeeping and accounting jobs. 
u·nfortunately, the mechani_cal calcuJ_ators :presently available are 
---- ) 
noisy, slow and suffer from the inherent unreliability of complex 
miniaturized mechantca.1 machines. 
It was_ thou.gl1t: PY the author that a calculator could be designed, 
making use of some type of electronic digi:ta.l circuitry, which would be 
·fa~ ter, certainly quieter, and -perhaps :more rieliable than the equivalent 
mechanical one. 
------------ --- -Ferrite-- magnet-i~ .. cor-e---Mg!G-was----sho-sen-4-o~---s-e-vera-l-- rease-n-s.---the----mo-re • 
. " 
' 
- - ---
-- -
important ones are listed here: 
1 •. Speed - While·attainable switching times {using reasonable amounts of 
' 
.... 
·- ... 
driving power) f6:r ferrite magnetic core logic are not as fast as those 
for the proposed~ system. The shift registers designed for this project 
have cycle times of ·40. microseconds · (i.e., 4<} microseconds· to shift 
~-- .• ··V.• 
·,. 
~, 
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~wice using;:: core uer bit logic). with the proposed~system logic, this 
results in an addition time for any two allowable nunbers of less than 
-~ 
':,,,. two milliseconds. The maximum 'time req:u-irrd for· the mul tiulication of 
' two allo\..,rable nwnbers lassumtng an allowable number ·is a maximum of 
is digits in length) is iess than 200 milliseconds • 
. . 
These.operation times are rather-slow when comoared to equivaient ,.,, 
... 
operation times in most modern stored program digital computers. ,However, 
even the maximum multi:nlication ti.tte is fa.st .enough so that it would - . 
-ap1)ear to be instantaneous to the opera tor of the calculator. 
2. Power drain - Except for small leakage currents and bias currents 
in the drivers and also the clock power,. there is no power drain unless 
the circuitry is actually carrying out a calculation. Overall average 
power_ drain- is, therefore, difficult to estimate due to the intermittent 
nature of operation of the system. On the other hand, this char~cteristic 
of ferrite core logic is an advantage when considering a battery-powered 
portable unit, as there is negligible nower drain excent when the machine 
ts act1:ally operating. 
~ 
. 
,,>-
J. Power Failure - Unless it should hau'D.en while a transition is occurring 
in any part· of the circu_i try, power fatl.1.1r~ will not des troy the . internal 
state of the system. With proper design of the power supply, a calculation 
can be resumed following restoration of power, no ma.tter how long the 
.. ,, interval between failure and restoration. i~ 
~. Reliability - The components used in implementing ferrite magnetic 
core logic {resistors. semicond~ctor diodes, ferrite cores, copper wire) 
* a:re inherently reliable ( ~) . .. · 
~:5. Cost - The per-unit cost of the individual c:o_inJl()nents is low, 
*1Tumbers in parenth·ese,s refer to er1tries in the J3ib1iography. 
·-:. 
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'' 
,especially that :of t~e ·te~_r'ite c.9·lie.s t:her.tse:1 vet... Tl1e biggest s t"clln:.b%Jn~ 
and :ir.al ass.em·bly· :of ~h:e: con.robrient:s: .J11to c.ormJle·te c:irc.U._it.s •. . . . - . . - . 
Th,_e- system· a-s b-rliinall y· conceived would be a 20 i_r.pu.t--J:ey 
. 
n 
. . '·' ' 
oper·e.tions of, a.c;ld·l.:tion,· subtraction, mul tiplicatlon ·and division. However, 
in order to sirp:pl1fy the initial logic design (and at the sarne tir1e 
-
4
~ make availabl~, J!lq.C}).ines of varying capabilities). ·th~ onerations o.f 
adp;it}on and .subtra·ct:ion were considered first. T-he .eit.:ension c_f tJ)~\ 
Some t-hoµght' ',.,,as gtven "to. t-he- va'i~lo.us pos.s:1:1:ril.lti..es f·or- outnutting 
information~ ·ampn~ -t}te_n :$. prt·:qted .P.~pe.r t-a;pe as 'is avEt1_:iaiJ·1e ·on most 
adding ma.chines or a visual readou.t· ·as",. for instance, :rf1~i);i:e-n tubes .• The 
conc1µsion reached was· that the· c.e .. sir~d- output forn ·\v-Ou1 d d~t)'e:nd .grea.tly 
on the use to whtch a calculator would ·be ;Ju,t,- arid. therefore :th·e logi.c 
different out-out :tYPe·s:• 
••• 
Since' January o·f 1966) :sever~.il ·bu.si:h'ess machine mahu.fac-ture.~·s= 
.. have marketed electronic _cal:cw.,_ator~i -of· varying· qapabilities and pri-:c:e 
'' 
"l 
· ranges ( 2) • Lis~~~. her_e _ar~-~~~u~!X8.tn?_l:_S /:'.long 'ti th __ ~JproE~r:JB.~0~ yripe_. ____ ,_ .. -· ·--"--------·--·· .. -----· ·- --------------- . . . . . --------------- -~·-------------
. -----· - --
., 
and a swnoary of their capabilities. 
1 .. Friden Inc. EC - 130, features an 11 ke¥ numertcal entry, J · . . 
storage r:gis ters, l:) to-ta.ling co1 urms and a ca t~:,oo~et,:ray tube disp.l_ay. 
·,. . . 
•1'." Price; ~1,695. 
---------------- -·-
\ 
I, 
I 2. I~onroe International, Inc. 'fyic 2000, features a 10 key-
r· numerical entry, 5 storage registers, 14 _step internal programming 
memory and :urinted ·nan.er· tape output.· Pr1ce; ~2, 250. . . ·;.-· . 
.• 
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. . 
J. Olivetti Underwood Coru. Progra'l'Uila 101, features a 10 key 
. 
numerical entry or a magnetic program card, ·printe~ paper tape. output, 
10 storage registers, and 120 steps of progr~nuning. Pric~; :tiJ, 200. 
· 4. M9.thatronics,. I~c. 848· series. In reality, a small des~top 
conrouter capable of handling floating-point numbers, internal programming 
• 
memory, keyboard or pape.r tape input, page printer, punched tape or serial 
· strin urinter.s for out-out, etc.· Price. range; $·3, 490 to, $11, 4oo. 
. .... -~ ..... 
All of these machines have one or more capabilities beyond those 
of the simple arithmetic operations, such as: progralillling, internal data 
storage, use of mathematical functions such as square root, floating 
point arithmetic, etc. 
In 1-ight of these develonments, is the system as proposed here 
still of more than academic interest? As stated above, the system would 
• p~ve all the canabilities of the nresent mechanical calculator, as well 
... 
as, .tpe advantages of speed, quietness· of operation, and reliability. 
Perhaus the most imuortant asnect to consider then, would be the cost. ~ ..... ..:.. 
Mechanical calculators capable of carrying out ad.di tion, subtraction, 
.multiplication and a.ivision lie in the price range of $6oO to $8oO and 
j 
up. Present electronic calculators range from $1,000 and up depending· 
• 
on capabilities (2). In 9rder to be competitive then, the calculator. 
under consideration should not have a list nrice abo~ $1,000. A firm 
· ·-···-·--·· ------·--------··-- -·-manufacturing list-tir"ice ·would be difficult to derive w1 thout extensive 
i~vestigation into manufacturing costs and met:q.ods. O:fle should, how_ever, 
b,e able ·to get an idea of the cost of manufacture by considering 
c:omponent cost and estimating the cost of ass--embly. 
. .,. 
. / ~~: ... ,~ .· 
, . 
' \_. 
..I 
'' 
N~(· 
.... \ 
r. ' 
.... 
,. 
·t • 
·1 
'f 
I I'. ( 
·.\· 
. 
. I I ~wi t ch tng C':-1.rc:ui ts : U.s .lng. ::!1 a:gp et i c De vi c es I 
:'J.':h¢ n:e·ed for less· eZ9ens.iv~, large.r and faster memories for digital 
q·qmpu.ters has s:nawned. nnich r~·~:eftrch effort ortented towr1rra.s the wider-
.s.tanding o_f the nro·:,e·r.tJ~$ (if: materials exhibiting square hysteresis-
•. 
loo~ nro~erties \ (3), t4)) ~ lm offs.hoot of this effort was the an-olication· · · 
I 
of these materials to devtces ;for use in switching and ·storage app.lications 
" 
'((l}, (4), l5), t6), (7),. (8)). 
. C"' 
~ 
:Properly desi5ned, these circuit·s ·o.pera:t·~ reJJab]:y ·under extreme-s 
<' r 
of shock, temperat'l).re_ and radiation_,: ca·n ~tore .ua-.ta indefinately withou:t.~. 
· the expend.iture of energy,- are inexpensive, ~nd_~- a::t· 1 ow to medi u.n:i 
switching speeds·, have ··1ow nower consunroti on. 
' 
The larger ·amounts ·of power required to oper~te· square hysteresis~ 
~oop magnetic devices at high switching_ speeds, as well as the advent 
of inexpensive high speed switching transistors (and now microelectro.n:i.:c: 
cir~ui ts) precluded. the use of magnetic devices as logic ele.ments i-n 
second and third g_e.neration qpmputers. However, due t'.o lib.era1 tfmfng 
requirements in a -de.sk tou ca·1cuJa-tor, slow to med.i®. spe:e·ds -;a.re .not 
·,, a disadvantage. -Therefore, the ·one p-rinclpal ·d·rawbac~- :of square ma_gµe·:t'fc 
5 
nyst_eresis-1,ot>p devices is not a handlcap :here • 
' .,\ 1l'oroidal ferrite cores were chosen as -the square hysteres-is-loop 
e_lements for use in ·the logic and storage circuitry of. the proposed 
. ---------------
-
-- --------- -• ---- - -
-~--- -----------system. Heady availability and the tact th!;tt worst-case __ d_esign __ met-huds - -
,_· ..... ,I,, 
.t..""'. 
for switching: circuits using: :toroidal magne'tic cores are wel.l document:e·a: ·· 
• •" _A ' ' 
1. 
influenced$is choic_e. The :chief disadvantage of this type o.f magneti·c 
element is that cir·cuit.s:'mak"in6 us~ of these :cores: generally cannot be ·· 
interrogated without destroying--·t·he Jnforma.tion_ already stored.' Other 
ferrite switgb-.ing devices havebe:e_,n tJro:po.:s'.ed tt.6).:, ('l),: t8J) which are 
... 
' 
l 
I 
.... 
I 
... 
....... 
'", . 
,, 
.,, 
- •• .. ..; 
' 
' fornr .of .special. geo;ne_tric configuratio::rs, and ~r not generally available. 
··011e·. ·s·uch · -~l.ement,. the 11 Tra:isf! -w:.or'' (. 6) ,: vrlll· bP,· :c·o·n.$i·ier·eci he·r.e, 
, I 
of the· .sys tern lo~i.:c. 
.• :• 
·rrwo types of core· logic cir:cu1ts -w·e.r·e ma.d0: use of :i.n the initial 
.... 
._i. 
. 
:(!esign of the system. These are ·known as th~ !'single-diode ·1oop"(Figure 1) 
' 
and the "spli t-,.vinding loop:n (Figure 2). ~he former allO\'TS the ·uncondi tiona.1 
transfer of binary information frox:1 one core to anotl1er, while the latter 
·T.he, :quanti ta ti ve and qual i tati.ve 9,.$pect-s of th.e operation .. of these 
two -.c1rcuits has been well d:o:cume.;n-:t~d. els.·ewhere (1). A brief description 
.. . of ci:1·cuit opera.tion ::f.s inc.luded. for· .. con~inui ty. An. aqqua..i.ntance with 
-~. 
·rrhe acc·es,s:fble i-n;ro:r-matton content of· ·iii.· '.ferrite .cor-e ts· binary in 
nature, there ·oefng two: major remnant magnetio' f:.l'UJC sta·t·es. The direction 
of remnant_ !f¥1grtetic flux deterJiines wh-ether :a c,o·:re :i.s :aet ·.(st·o~ing a 
binary n.in) or reset (storing a bi.nary 11 0·1.i),. Which ~hysica.l, d~rec:tion 
.corresponds to \4lhtch binary state. ts _:a-n arbitrary choice: of t-h:e :ci:rcuit 
des!gner. 
; 
Sin~le Diode Loou ( referred to her.e as SD, see Figure 1) . . 
____________ _ _______ Ji.rbit.raril-y----a-ssu.me~that a. co't-e is set if the reml!ent. flux is in 
the counter-clockwise direction -a.~d reset if in the clockwise direction. 
:First consider tl1e transfer of a binary "l" from core :B to core C. 
I:t, ;i,-?· a·s.surned that initially.core c: i:s in "th:e ·rest (binary 'non) state • 
. 4 p<.lsitive c"L1rrent puls.E3· 10 , of sufficient· amplitude, is appli.ed to . 
. 
--~ wi-ndi-ng 1T0 of coz-e :B. :(~'Sufficient". impli,-es that tne .:;nil.s<e nn1s.·t .G:onta:rn 
·" 
f· ' 
. '
... 
,_I 
),' 
.. core C, accom:plishl·ng· b .. ot:h i.iithin a siven 1)ulse time width.J tThile 
.. 
wind.i::lg_ ~Ti, The pol~rit;i• of the resul tc~nt curreJ1t, r12' is such t:tat 
core C is set t.o th··e "l:t' state • 
.. 
' 
.. 
I 
ab,cµ;t 5)b' .of fhe f~u.x -difference bet-r,r·e_en t11e tv10 r$mriB.nt state~-, 
9 
riegligi ble· current will floi,1 in the- loop. Tlrus., no ·s·w..i·tching of states. 
will occur in core C., an·d ln effect, a n.trtkry "CP,- ·i-s t-r?.;lis-f erred,i:: 
Diode .. n2 .preveb:t·s currant fro@ flo\c1ing -in: the loop. lf: co.re :C i;s 
, 
One nroblent encountered. is that of ·r·everse noise ir1 SD· lo:ous. - . . . 
. 
. -
,/'. 
reeding in-to a transmitting core.,\ .. lo.01) 1 . of Figure 1 for .examp_le:... 1:lhen. 
" 
:t~Ild.s •t_c> set core :~.\• ';r}i-e prop:er Ch'OJ.Ce· of th~- ra--t:i_o of .turns Of Wi_ncling. 
_.i ): 
-1r2 to t~ns on l1in4ing 1I1 wiJ. l 'p:r,eve;n_t.: t_h·e· s:et·t±ne. .. of -core -~.;_ PY a 
re.s_.etting core Ja·· I'f core .A is alreaqy se-t {i. 'f}-. ,1 ·no n1or.e· fl-a."'t ca,n 
be switched bl .~ pos i ti vo r1 ) , loop· 1 hits. very low impedance,. whi .. cl1 
.1 ' .. 
... 
seriously loads· d9,4m, any attempt at- resetting· B. It is as.sume·d tha-t 
,. 
. " 
. - -- ------~·-. ~----· ·---~ -- -· - ---=~---· 
--~--~----....:.:.:....:......· -·-·---~--------·--- -
-
. core A will always be in--·-the---r-eset state before core :!3 is· reset. If · 
this is not ___ poJ3s:ible,, tl1e use of ,a11 extra resi_stor and diode.· is - :.;,. 
.-. ,,,;: 
,,!· 
.. 
· :O:-h,e, of ·~Jle 9-:i.:fficul ties in mking use of the SlJ ci.r.·cui.t :1~- :·PY.-Gteti·s· 
··.i·a· t11e fact ~!J.at the transfer of infor:nation from cor'e. ]. :to. ico·re: ·c l.s A ~ 
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cl"e~:ire~1;0.I.e:,. ·ou.t in. 11an.y it·;· is ·no·t, ·an~ .. much: in.genui ty, or· t,he·· us.e .of 
:·other types· of ci~cu.i try, is req;u;ired to r.ealize sqrn·~· logfc fUJ?..Clions. 
' 
exam-ole of type .Al3 out~gut. :c·:ircµ:i:t· :q.£ _Karnaugh (5). )'-
.·. ,,.,.-, 
} .. rb:itrarily asswne that ·a ·.co.re ·is set (binary "lit}' _i.f tn.e· remnant 
·~,,.. 
flux' i's ln tlle counter-c1ock\,;i:~e- .d.ir.e.c"tion c:~na. reset -(b.i'z:i.ary ·11 0 11 ) if 
in ·t.:-:1.e c.lo.cl~v'ise direction. 
. •.. 
·:con.s·i:ier• tl:e· transfer (Jf a uo·n· f:r:q~ .. cctre _4_ to: c·ore·· "1, bo .. tJi c·orfQ$. 
., 
:! 
·oulse !er- ··i.·ri11 encounter a lo\Y ir~.!_:_)_· edartce in·. 1rri:1d'in6.-. 1r1 , s·ince r1eg_li.gibJE? ~- . ·!JU . . . -
fJu.x wi11 be switched by I1y in core ,A, Fo.r this reason, a :positive 
·c11r·rent· :9ulse ! 0 wi~l cii v'ide .evenly be.t,v·e·en the unner and 1·0\·re.r. branc.he~l 
a_µ eq:ua1 nwrfber of turns, 
. r,e1aai-n :r·es .et·. 
. . - . . . . . 
there will ~e .n·o· net :f~JIF ap-~·flleq.. t·'t:> .c.o·re: 
. . . 
-.. -..... - . 
·:::i ,,,11 
...... ...._ f ram co re . ii t.o: core :3 
.. ' 
,·b:eing initially in the . r-es.·et .. sta t:e:. In t!1i s s itua.tion~ ,a .p:0$-i tive 
. -
-baclr Zl·LF i.11 ··:T1 , Wl1ich., i~1 t:urn, sets, 'q.:p.· ·a G.'lirretl.'t in opp.o-sit·l0'!1:. t't> 
IT·. • l'ti tl1 · :tlte nr.01J,er choice· of :cir:cui t and cu.r·rent· pclse. ·":;a:rarnet·:e.rs:,. ~--··. -· .. ~-· . . 
. .,.·,) .. · . . . .- - . . .. 
-~ 
-~· 
. tJ1i-$ induced curr:e·nt·. c.o.n pe· 'r-nade t,o exaq:~ly ca.nce:t that····1?art .qf }o 
v,!tic-li flov1s iP. th.e ·u-y~)er 1 eg of tI1e loon·.: J:o,, tl1e ne.t .!-·:l-~ 9.e~~~ ·1Jy _ 
-~ 
c.or.e ·3. w-i.11 ·be· 1J2/2 turns times th.e ·current througl1 the lo\ter l1alf o':f: 
. . . ' 
lTz:··· ·Thi~- ·1-a·tt.er :current is the ,sµ.m. o.f th.e bacl-: curr,ent generated in 
. \ 
,, 
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FIGURE 2 ~: 
·;i· 
.. 
,. 
i' 
., 
.. :s,~J.i.tcili°hG cor2 A 2 1u-s tJ·~i.:-t· ~art .of· I:o \·l.~~~cJ-~- noraia.li~/ :fl.a'\rs in :tite. :~:.O\v8.f 
1. 
·half :of· l~?_.· .. If ·ti:1.e,: se11~=re o:i~· ·~ringing .:r2. is, of· the uro6er· ::Jo:19:r~ ~:r,. co.r.e ..... "--···, . 
. .... .. 
.·: ·- . 
:I~1 · b;/ th.e :s.w .. ilohing o"f core .A., e~cept. as noted ... aoove,. 
effect on cor.e 3. Thus the S~'t' loop .implements t:he cpnd.itJonal transfer 
of binary i.Ilforination between, ·coi-es •.. lil a.- ·11k.e .raa.nn.~~ ... · t:J--~e diodes 
-.prevent s_ignals caused by -t11e ·8W~t .. ohi-n~, .of core B. from cir.t.-ect.:ing· t11e, 
s:tatus of. coi·e· J\ .. • R·e-si~.tors Ei a,nd ·R:2. ~J:·e introduced to bala·nce: :out 
differences :ln t;h.e ·r.·o.rt1aitl ·re.:31:ste.nces· of unma tchell dioci"e.s:., . . ' - . . . . . . . . . . . ' 
~ 
. .. . .. 
.. 
:Becaus·e of tJie f:~ct that fe~·ri tA c.o:i.-ies do not l~r.;."ie ideaJ,1y :~Jqua.re ' 
. :<...· 
hf.st·eres-i~· characteristi.cs, during. tl1_e transfer oTa bi_.:iary >ttQ:''" :tr·o111 . 
swi tcl1ed flux will i:p.~u.ce an ~IF in :rr1.~ ,1111 .. ch. :'in tu.nt ~.-t:fi.l ·set, up a 
current in o:01Jo·sit·ion. to tl1~.t. JJa:r-t- o·f r.0 .. whi.cJ1. :µo·rml}y flo,'ls, in tl~e 
up1Jer ha.lf o:f .112 .: ·T"11us' m~tre current will flow in tJ1e· 'low.e.1 .. , ·hal·f of· IJ2: 
th~Il :111 th.e· U.J)p.er ·~half of .. N2 , and core B ,.,i l.l be. )&rtia.lly:· s~.'-'.it.c·hed. If' 
eri._ou.gh. of the.Se no:ise pul.$H'S· .. set throueh to· c·ore :.:3: before c.ore :B is 
transferred. To -~1anc-:e out this: tr.,:}n$ient',: an ·indU(!tpr is usually,, 
included in the ·1ower branch. =.::+p,.eri~nc~ :ha:s shov~. :tha.t the best 
I 
of. ·the sane type as core .fa .. ,. W·o:u.nd. \vi:t·h; the sar:1~J nu.n1ber of turns as 
. ·ccro.uer loss es in the v1i:1.dings can· ·t,e,. useo. ·in 1J"la.ce of res is'ters 11. 
:~nd :Hz, ·thus eli1ninating two con:ip.onents •. 
As mentioned previously, on¢.c"9.f: ..... "the drawbacks of s\,-,itching 
n. circuits using "t"o:roi~1 f·er..ri-t.e cores as active el~n.e,nt:s.t ·1-a th:e. 
·~ 
·.,·. 
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.. · . 
. P.·~obl..em :of destructive r:$t\d.o:~.t (i. e., the= co.re- ts· -always in tl1e ·reset 
s·tate after readout). The calculator de·s~·~tbed ln the next c}:lapter was -,.-
designed using SW and SD. circuits to imp}errtent the logic and storage 
functions. There are several areas in the design of the system where 
• a destructive readout is a real handica·o. For ex.a.mole, . in the exnansion ' . . -
of the calculator design to handle nmlti-olication, it is im:?erative 
. t·ha.t the .,;\. register (see next chapter) be able to :preserve its 
inf,orE'ation state th:rot~h several readouts. ~ 
. ,·· 
Ferrite binary s.-to,rage anc. s,·1i tcl1ing devic~s wi'th noi{-des truq_~i ve 
:readout have been proposed and b.uil t. ( (6), (7), (8)) The simplest of 
the$e: is the "Transfluxor 0 •. -Since its use in simplifying the system 
j 
· :des;ign was considered, it will be briefly describ~d here. 
·. Figure Ja snows a schematic model of the Transflu.:x:or,. along with 
t·he' minimum nunio.e:r of windings !>ertinen t to its operation. 
.A,p:plying a .strong positive current pulse to the "block" winding will. 
-, leave the ma.gnetic flux of the Transfluxor in the state as shown in 
.. --( 
,1:~ 
Figure Jb. In tl1is condition, a positive current pulse of any amnlitude 
. 
-
in the reEt.d winding cannot swi-tch any flux around the sma.11 auerture. 
. 
-
lTote, ·howev-er, -that a positive pulse in the read winding of'sufficient 
ampl·i tude c.ould switch flux around the large aperture. This is to be 
,.1 
avoided (by limiting the amplitude of the positive read pulse) for 
--·--·--- --, .. -----------------------
,proper operation of the circuit. A negative current read pulse tOf any 
a.mpli tude may be .a:pp1:ied. without any resultant switching, either 
·ar.9-und the· smalle.r. (legs 2: ·.and 3) .o~ around the larger (legs. I and 3) • 
From this it is see·n th.a:t ti/hen the Transfluxor is in the blocked 
state, no output will. occur during reading. Thus, in effect, a "O·" 
is transferred do'\m the. ou_tput winding at read, time • 
.:. :~ 
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'If a positive curr.ent· ·:pul_$:e ·o.f the ·co:rrect amoli tude is a::,ulied to 
the "setrr winding, the flux (~qmrµo'n· to· ·1egs 1 and 2. \'1ill be switched. 
lI:.ow -~ positive current read ~uls·:e of. limited a.mpli·t:ude will be able to 
:s.wi tch · flu.x around the smaller aperture, · (Fi5,ire·s · Jc and 3d) ~hus 
,f. ' .• 
inducing an Ef.{F on tr.Le· outuu t winding. In this manner a "1 n may be 
S t ored and ;read OU t • 
After a read, whether from the ·blocked or set state, the trans-
·' 
fluxor can be readied for the next interrogation by applying a negativ-,i: 
current pulse to:the 11 read11 winding • 
.. 
In addition to non-destructive readout, the transflu.xor has the 
· property that tl1e input ·and outnut windings· are isolated. There is· no 
• - I 
flux switched in leg 3 during blocking or setting, no flux is switched 
' . 
in leg 1 during reading or restoring. Note also that SD and Slv loops 
may be used for the blocking and s·etting windings as well as for the 
output windin.g •. 
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III Calculator System's Logic·. 
Diagram l is a block diagram of the uroposed calculator: •. Essentially, 
the system consists of three large shift registers, (A, B;, :and CJ. a 
control unit, a keyboard for input, and an out-nut unit. 
; 
The internal operating mode is decimal. th.e:refore all data 
entered are. stored in decimal form.- The· A a.n.c:l C r·egisters s·tore only 
positive numbers. Ho,.,ever, in order to efflciently carry out aritr.Jnetic 
operations, it is necessary to be. able t.o represent negative numbers 
in the B register. The ten's complement system for representation of 
decimal numbers was useQ. for this purpose ( see 'l'able 1). Al though this 
*· 
-numbering system convention requires that the sign be stored, and 
:1 
2 
4. 
5 
:-9: 
8 
7 
:.5, . 
:4 
:o,, ·,;. 3: 
_:7 
;,. 
8 
:;... 
. 
3:xamples·:. 
·, Decimal 
-(000454) 
-( 000000) 
-(000001) 
456789 
99951+.5 
,: 
Ten' e Complement 
999545· 
999999 
.· ..... · 8 99999 
456789: 
9:99545.= 
1,. 
-. 
~- __ ,__ -----._ :::-_____ -__ -____ --.-.---.----~=-:------· _-__ -.' -=--· -- --- ---- --- ---- -·- ----·----·----- ----- - -
9 0 
Ten 1 s CoI!1p1e.;ment ~ys·tem 
;. ::Tabl.e <1. 
I 
* To.prevent ambiguities, see first and last example in Table 1. These 
ambiguities can alio be a.v· aided by restricting the allowable magnitude 
of a number to be o gre~ter than half the normal capa~ity of a. 
register. This.lat er solution, however. would be more difficult. 
to realize ,._using core logic_. 
·- .:, 
-: 
,J .. 
·1 . 
. . . .. _;, - -
.I 
' '~· > ,•_ ~-. 
produces two zeroes ti.e., plus zero and minus zero), it appeared to be, 
the most economical in terms' of internal circuitry.; 
Again referring to Diagram 1,. each of the blocks~ in the B regis~er 
.. represents a ten stage shift register, capable of being shifted in both 
directions, as well as associated carry and control circuitry. Each of 
·, the blocks in .the _4. register represents a ten stage storage .. register i 
4
Capable of being.i~terrogated and also capable of being shifted in 
"' 
parallel to the adjoining decades. With the exception of C0 ~ each of 
the blocks in the C register is a ten stage· storage register capable 
j 
\_ of being shif.ted in parallel to t:he adjoining decades. CO has the 
additional capability of being a serial shift register to allow 
counting and interrogation. 
Perhaps the simplest arithmetic operation which this machine can 
perform is that of addition of two positiv·e n~bers. The functioning 
of the ~culator can be better understood by first considering addition, 
and then using this as a basis for the explanation of the implementation 
of the _other arithmetic operations. 
First assume that the A and B registers are cleared, 1.e., each~ 
decade of each·of the registers stores a positive zero. (Note: The C 
register is not used in addition or in subtraction.) Data is entered 
,by the use of the numerical keyboard, which has only one decade of keys. 
The augend is inse.rt-ed-int-o the A register a decade at a. time,,- .starting· . , .. · 
•., ···:. '• with the most signific~nt digit. As each qigi t i·s entered, the complete 
A register is shifted left one decade, and the new digit is entered ~ 
• I 
'into decade A • 
' . 0 
·-··· - -when t-he-last-digit of~the-·augendhas-~been entered, t-he "ADD1'-
button on· the external keyboard. is depressed, . which results ln ,:thJ;"·. · 
.. ,: 
.I . 
.. I . 
• 
t 1'.,; I 
. J 
·1 
·' 
, I 
' 
I 
~ 
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\ 
augend beine; transferred to the ~ register ( b:,.,. add.ine; the contents of 
• . 
. 
the A register to the O stored in the B register, as will become 
apparent). This is carried out in the fol.lowing manner: a train of nine 
., 
pulses is sent by_ the control unit towards each of the decade shift 
registers of the B register. 11owever, only as many nulses are actually 
1 
allowed to reach a given decade of the .B register as is equivalent to 
the digit stored in the· cor.1;e.s99nd.ing decade of the A register. mch 
of the arriving pulses result'~ in_ a one being added ~to that decade of 
the B regi(le_r. (See next cl1apter for explanation of how ·a decimal digit 
is renresented in a B register decade shift register). At the completion 
. 
' of the cycle, the B register contains the augend. Finally, the A~re~i.9 ter. 
:1-s cl.eared. 
·the .addend is entered int-.o th.e A .r·egis ter in the s_arrre.- manner as the 
;. 
-~ug_e:nd~ Whe.n the "ADD" button is depr·'ess.ed, the sa.me sequence of operations ' ~ 
. . -
. 
. 
occurs as above, with the exception that the J3 register already contains 
1i:he augend, rather than zero. lf a decade in the ] register overflows 
·at .,this time, the carry is added to the next higher decade. 
"Running sums" may be calculated s_imply· b~r entering further 
.,. 
I. 
addends into the A register, depres'-9_:i.ng the "ADD11 button follo\iing 
each addend entered. This will add th,e_ .new addend to the sub-total ., 
accumulating in the :B register. 
·1 
Consider now the subtraction of a nosi tive number f.rom a larger. 
posi tii ve number. The_ mi~uend is transferred to the B register~ in tl1e 
sam~ manner as the augend during addition. ,The· subtrahend is t}:le_n· ( 
I 
e1i'11er:ed into t,h~: .A register and the "SUB" b1~tton deuressed on the 
I 
I . -
:•,. 
·-·········- · ·--·· , ·· 7 or may alreadibElthSre.~F-or--exam_pl-e;~if-~t~h-e-_;iniend.is-the total ___ .. 
of some -running sum. . ~ 
- .. -
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.. 
·keyboard:. Agai;i a train of nine ;)ulses ls sent by the control unit to~,ard 
each of the ·decades of the B register. As before, only as many pulses 
reach a giv'en decade of the B regiater as is equi va.lent to the digit 
stored in the corr~sponding decade of the .lt register. Eacli of these 
arriving pulses results in a one being subtracted from that decade of~ 
. the B register. At the completion of this cycle, the B register contains 
; the remainder. 
• 
.. If a subtraction·is being carried out such that the uositiv.e sub-
C trahend is greater than the positive mi~uend stored in_the B register, 
the B register ~fill ·go through zero and become negative. The duplicity 
of zeroes is handled _by an 11 end-around 11 subtrac-t carry, which subtracts 
an extra one from the B register in going through zero~ The fact that 
) the B register is now storing a negat_ive number and not a very large 
positive one, can be ascertained by interrogating a flip-flop in the· 
control unit. This flip-flo~ stores the sign status of the ] register, 
and changes s-tate whenever the B_register goes through -ze:I'o. 
In a like manner, if a negative number is stored in the B register, 
. .-
and a larger ( in nagni tude). positive number is added, the B register 
will go through.zero and become positive. Agai:i, the duplicity of zeroes 
is taken care of by an "end-around" add carry. 
The prbblem of entering positive and negative numbers. -i.s· handled 
• 
as follows: 
1. If a positiv_e number is entered in the A register and: 
(a} th·e· ir.ADDn button is depressed, the ma.gni tude of the 
number is added to the contents of- the B register. 
,,)' 
'~ .. .- .. 
~b) the "SUB" b11.tton ~s depressecl., ___ t_~_e ____ magoi tud.e of_ .th-e.--~~- ~-- ------- - - --------··. ····--
./ 
___ ._ ... -- :-·---~-,·- -·~ -,,- ~ -- - , - -- - . ·-·-~--- ---
-
numb·er is subtracted from the· contents of the B. register. 
__ - ....... : 
_; .. 
'. 
,:i.-•. , 
\ . 
. ·;-~ 
- I' 
• 
~-
[.) 
, . ' 
... , 
- --- -· . . 
-. .--
- ·- -- . - ·- - . 
.. 
2. If a negative number is entered (by depressing ti1e: "'·-" key 
1iefore entering the number) in the A register~ and: 
(a) the "ADD" button·.is depresseg., the magni.tude of the 
21 
.... ,;:-...... : 
:n'\J.Iil}:)er ts: s.ubtracted :t·rom the contents of the B' r 1gister. 
'l (bl. the "SUB 11 but~q,:r;t' 
1
is depressed, the magnitude of the 
number is adcLed :to the contents of the ] register. 
I:!: ·the B register contai.ns: a· positive number, and, during the .. 
·addition of a positive num.be.r :to the B register, the B. register goes 
* 
r through zero , then an .overflow indication is given. A similar situat1on 
can exist with a negative number stored in the B register, and.a.-positive 
number is subtracted from the E register. 
i'he imolementation of the··ari thmetic operation of multiplication 
requires additional control circuitry as well as th.·e use of the C .. 
register. As in the case of addition, the mul ti:pl.ica·tion of two numbers 
is best described by first con~idering the multiplication of· two 
positive nw:ibers. 
'.L1he mu.l tiplicand is ent·.e.r¢d into the A register in the sar11e 
manner as before.** _The multiplier is entered in'to the C register in 
a way similar to the procedure for entering a_ munber intq the A register. 
~owever, before typing the nmnber on the keyboard, the "C" button is 
depressed. Follo111ing the keying. in tY! th·e least significant digit of th~ 
• i.e., tl1e :B register fills up to its capacity of·nines, then a one is added. This is distinguishable from g9ing fron minus zero to plus one on!y by the fact that in the former case, the fli-p-flop in the control unit shows that the :B register is originally stO!'-ing a positive number, in the. latter case, the fli~~flop indicates that, the B register originally .,:Stored .. a negative number •. 
J 
* * ·see descriution of addi tio-n earlier in this _chant_er_ •. - . ' -- - -~ -~ ---·-. -- . ·1'· 
Ci, • ·._ 
'.1 
.-! :, .1.: 
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button on the keyboard is de:presseq.. 
22 
t T.h·e calculator now uroceeds to add the mul ti·nlicand to the contents l ' 
-· 
~ 
. of" the B register, _doing this a number of times equal to the value of 
. the least significant digit of the multi:plier (which is s_tored in C0 ). 
rlh~n -this set of additions is comolete. the C register is shifted right .. 
:01:1:~ de·cade. (the least signi_ficant digit is lost), and tne A. register . I , .. ' I - ~ • ' 
is: s-h~fted ·1eft one.., decade, the latter. effec~ively mu1 tiplying the 
muJ.ti.nlicand by ten. The contents of the register are ~gain added to 
~ 
the contents of the B regist.er a. number of· times equal to the value of 
~ th.e digit stored in C (now containillg the "tens" digit of the ·multiplier). 0 
.. 
'l'his sequ~_~ce of additions and shifting is repeated until completed 
.for the mo·s t significant digit of the mu1 ti plier. The digit immediately 
I 
. to the left of the most signifi~nt digit of the multiplier (in the C 
register) is recognizable by a tag. ·This tag is placed in C0 at the time 
. "C" is depressed before entering the first digit of the multiplier. 
Entering the first digit shifts the tag left into the C register. Thus 
the tag preceeds the first digit of the multi:9lier as the latter is 
shifted back and forth through the C register. 
Note that an overflow condition can arise under two circumstances. 
T 
·First, if the sum of the number of digits of the mu.l tiplier and 
imlltiplicand exceeds the number of decades in the A register, then the 
more significant_g.igits of .the multiplicand will be shifted pff the 
end during multiplication. This situation can easily be detected by 
. • 
• . ,1 ~ 
watching for ~.non-zero shifts out of Ai_4• An error indication can 
--. ., 
then be made. The second situation involves the overflow of the B 
register. This .latter si_tuation has been described earlier in the chapter. 
If both the multiplier and multiplicand are entered as negative .. ' 
\ -
• 
. '.•· './: . .. 
.., 
f-.; .• 
/ 
'] 
',· 
. i' 
,_-_,_....._,,. .............. _...,.,.;..,.u_ .. 
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-
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,; .... :., \:~·.-· -;, 
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· ....... f ...... ~ 
.,... ' 
n11mbers, ~hen11mutiplica tion is carried out in the same manner as 
described abovQ. If, however, either the multinlier o·r the multi~licann., ·- .. 
-
. 
but not both, is negative,. then subtraction will replace the required . 
.. a._ddi tio:, opera t'ions. {:It s-hould· be remembered · :that the .A. register stores 
-the- magnitude of the IllW.ttplicand-, whil_e the .. c. register store~. ·the. 
-ina.gnitude of the multiplier). 
Irimlemen ting multi ul ica tipll op-~r.ations in_ ~tJ::ii $- ·.Ill;Lruier-; fac·tiita.te$ :/-- ,,.--
... the evaluation of certain algebraic ~x_pressions :q_e:yo:nd ·s-ir,nple mult·ipl:ica·t1,,ot1~. g 
' For instance, the eva.luation of sur1s of simu1e 1Jrod11cts. Ort the other : . - -
. 
. 
hand, the product of thre:.e :·o.r \m-o_r~--n)lri(b·e-rs ·requires the re-entry of res::ul.t:s··-
Of· the a.ri~h·metic op1rrat-.ions.; d.fvis,tcn has the mos·t awkward 
impl~mentation o~ t-hi,$: mac{iine'~ _D.ivision here is carried out by repeate4-l}7· 
_/ .· 
,. 
subtracting the -m~t_ tud·E3 of· the di visor fror.1 the rnagni tu.de of the-. 
dividend, until the ·remainder is less than the magnitude of: th.e divis:q,r,," 
at the same time keepine track of t.he number of- times the·. s_ub.tractton 
takes place. In order to complet.~ th·e. operation in .a. r:eas_o1:1a.b1e length 
of· time, the di visor is first nml ti plied by an ap:9ropriate -1>0\'1er of ten 
bef.ore :petng subtracted from the dividend. The r·esul ting quot.i-erit- .:is 
mul tlpli:ed by the ..same poh1er of ten and added to the content:s; :bf -th$' -d 
.r.egister ( which is 1:ni tially zero). The proqess is repeated on th~. 
.. 0 
. . -
.remainder using decreasing powers of ten, un:-til 10 is reached. Tb-~ 
number in the C register is then the quotient _of the origi~l nroblem. 
Suppose that both the divisor and the dividend for a given prob_lem 
are positive·. The .divid.end is pl~ced iii the B register in the same· rJB.nner 
as the augend i'n the case of addition. The divisor i.s entered -.into the 
· A register in the usual manner • 
... 
When the "DIV" button on .the -keyboard is depl'essed, the contents 
. ·----------·-· 
' ' 
>. 
'11\7''"' I ~.' -, ' ·• . . ,. I • <1# '\o 
. .)-,4 
·,· ,, 
.; 
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' 
trf· ·tte A register are first shifted left until the first significant 
d-i$it of the divisor is in A14 l '!1he divisor is of some unknown length, 
" 
.... __ . -b~"t :-A1:l· can easily be che-cked for non-zero output during shifting.) . 
' . The contents of the A -register are now subtracted from the contents 
of the· B register •. One of two _significant outcomes will occur. 
1. If the] register changes sign, the· contents of the A register . - , 
are r~added to the contents of- tbe B reg.ister. The ·A register is then 
shifted right one decade, and the C register is shifte~ l~ft one decaq.~.<-
l A new sequence· of subtractions" is then begun. 
2. If the ] register -does not change sign, a one is· added to C0 , 
and the contents of the A register are ~-l\gain subtracted from. that of 
-the :~ register • 
:The. _above- process is reneated until the least significant digit 
b:C: the divisor is· shifted out of the right end of the A register. This _ 
·signai·s toe completion of the division operation. The least significant 
digi_t: of the di visor is 1de!!tified by a tag placed there when the "DIV". 
but.~·on was depressed. Upon completion, the quotient is stored in the C .. 
-
r,.egister, the remainder in the B register. 
If the dividend entered was minus, then addition renlaces subtraction ... 
, in the above operations (and vice versa, where necessary). The sign of 
-the quotient is determined in the usual manner, and stored in an 
auxiliary flip-flon, so as to be available when the contents of the C . .,_ . 
'<··,-~.i;., ...... .. 
· - register are displayed. 
,i 
•••• ..... : 1 • • • • 
Mote -will be sa.id la\:er on the eutput ·circuitry. It is worth noting 
' 11-e:re, however, that if a_negative number is stored in the B register, 
a_ conversion to posit-.ive decimal :form mu:st be made before displaying 
(s·.ee Table 1) •.. 
.-. 1 • 
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IV Logic ·lJe.s1gn: (}onsiderations 
·rhe de.tail-ed logic destgn, us.i.ng .f.errite torroicia.1 ¢0.re ··1ogic. · 
.:,... - -~ 
circuitry, was undertaken for. a :cal.crulator· canFLble of onr'y addition 
Thia invo:1vef? ~~nding the abilities: of :t·he A re8'is·ter, c;1ddi tiona1 
:c·orrt.rol. ·circui t:cy, as ,1ell as the ~ne·ed for the use· of tl1e C regi$t:.e·r. 
Figure 4 illustrates tJ1e :·conv~1.tions :adopt.e.d here for th~ 
're.presentation of the various logic c1.1~:.cuit.s .. ~ The· :s:{Iiib<ctl,s for th·e SD .. -
~lid .s.v-r c.ircu.it.s are taken frorn Meyerhoff {l) ., ·T.he s:·ymboi. re1Jres.~nt.:t~· 
.,~ the· ·t·ransf.l.u.:.~or.· was "invented11 for conve11ience·, .. since. ·r1on.e hav·e :a.pn~a) .. eq.. 
, . 
i.rl oommo.n usage. 
First to· :"be co11s:id.ered is the l·.ogic· for the·: 13· r.eglster. Diagram 2 
is that for a single.: decade -of th·e B. :r.e:t;is·ter, .a1·ong with associ2.ted 
output c~rC'lµ.try. Cores not' t.hrougb "9'' and .cor.es .. Ho'"· tl1roug4 ;, 9'"' 
:make .. ~p th.e: reversi 'b:le :Sh·if't .regi.s·te·r., wh:ich ···i .. s tlJ.e· :heart cf eac·h: d·ecad.e .. 
a 
which is set to. a 11 :c~ne"·· 'Tl:is :stored bit (in core "0'' after Bis cJ.Elar·ea) 
is moved back and forth in the sl1ift register by the. incoming ·p:u].ses 
from the control unit: For each inco!!ling pulse* the bit is shifted· 
through a prime labeled core to the next. u.nn.ri·med. labeled c·ore. The 
( 
*: S.·ee· d.e.s:criution of a.dcll:tion in nrevious cl1au_. ter. ~-
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re6ister co1mts up if doing addj.·tio:n, -do,1n if doit.g subtre.ction, At 
f ·, • 
readout time, the value .assigned, to the digit s·t.ored in the decade \is 
determined by tl1e. location o:;· ·th~ stor.cd. .·binary pit .. 
-\, • 
. ' c>i·. Cores. ??-1 _and. :EJP;...2 cons·ti t1.1te the interface q:e:t·~,ee.n th.e ::B· ,regl.s·ter 
" d~cade and the A· ree:;ister .ci,"ecade. This .c~ircuit·ry :a~1o,vs puls.es, ·from th.e 
' nine-pulse train out of tbe control unit,·· to pas_$ unttl :a nulse .ts .. 
received from the cqrresp·onding A regts·t~r de;cade. :rr1h.±s latter pulse 
occurs at a time { in relat:ion. to the nf.ne-:pulse · tra:t·n) dependent on ·the 
Cores FC-.I and ·_FG_-1·1 handl·e :the add. B;lJ,d- su.b·trac:t: ca_p-ry .f·roin the, 
,· 
next, lo\·:er ·· d~cad:e (o·r the :e:n_d~around ·carr.y 1~· the: ,case of dicade O} .• ··The 
ca.rr1 pulses are g~ne-ra.te9-, when required, beti.·i.e:e:n the arrival ti111.~s' of 
... 
th.e pulses fror:l .the cdntr.ol l111.:t.t:. :rrnu.s th·e c.a·rry operation does not 
.. 
interfere with. the ~$·hift·s generat:ed- bf: <the pulse t·raili•· An 11<ad.d carry 
t 
from next io,1er d.ecad~n s·hi·ft·s the -~to.re:d ·bit in the B register up to 
the next higher unprirrfed labe.Ie.d core: •. A "subtract carr~r frot1 next lo\':er 
' \ 
decade" shifts the s·tor"ed bit ·c:ovJ.n to .the next lower uhnrimed label·ed ,·' . . . 
I core .•. 
., 
, · instance in the ·case. of addition. If t~-e stored J>i t is in core "9·11', 
1·· 
.',) 
. ,. · .•. ·· . 
and an_o:th::Etr· add- piU,i;;e ·arrives, the bit is shifted into core '';0" a..nd; 
. 
' 
later an add .carry- is generated. On thf other hand, if- the. ,sto:red. ·i a· • 
• 
.. 
bit. is in core: :·n9u, a-nd an :n_add carry fror1 next lo"1er decade" ar:rtves,,. 
then no~ o:nly mti.s t. the ··btt. -b:e shifted to co.re. 110 11 , but immed-ia-teiy· -~tn· 
".add" carry t·o. fl.ext J1i:gl1er d·e.cade •t must be :pass~d on to the. ·n.f3~.t h:l~er 
. -.~t., decade. 
Provis ic·n also 'lnu.st' .be :made tq reset tl1e carry generation cir.¢tti t:ry 
if the operating mode· l_s· ·ch~nged .fro~ add·_ition to subtraction, azid. '·tl1e 
' . 
.... - -~- ~ 
"""" 
___ _____. _____ .). 
J 
i'. 
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., 
. r 
st:ored bit is shifted back d_dvin f:r.om. :core u·9·,r ·wtth_o\1.t_. lt~ving: _gon.e: ·to 
C. o-,r·e.· :no·.,_n . . . : . . . . . . •.· ,. 
·,c,,. 
:The proper add ca'r.ry generation is carried out in cores "FAC", "AC",, 
. , r 
11
-.SitCI-'' ·and "S.A.CII"· Similarly, in the case of subtraction; "FSC", "SC"·, 
Jf::SSCI" and "SSCII" generate the propez: subtract carry . 
. 
.. As was-'stressed seve~al times previously, one of .the biggest 
~ ' disadvantages of 11sing ferrite t.o..roidal core .logic is the problem 
1 ~ 
of destructive readout. This is most apparent here in the B' register. 
Every time the B -r:e~ster ts interrogated for /:output, its contents 
1 . 
are destroyed.· Th·l_s precludes the display of .sub-totals, interrnedia te 
.,. 
' 
C ..ores "0 1 1 " to "9 r 1 " are intermed.iate storage for output.* If the 
·number to be read fro~ the B register is negative (as indicated by the. 
sign status flip-flap in the control unit), then a 10 1 s complement 
·conversion must be made. This is implemented by reading a given inter-
ll)_e_e1:tate- st·or~g:e core into the output indicator corresponding to the ten's. I -
G.brn:ple-me·nt of -th:e number represented,by the. storage core. On the other 
hand, if the number stored in the<B register is positive, then a given 
intermediate sto·rage core is fed directly into its corresponding output 
indicator. 
In expanding the calculator to handle the onerations of multinlication i . - . 
... 
a.nd. di vt~on, no· additional circuitry must be added· to the B register. 
*One.solution to the destructive readout uroblem mentioned above 
\·1011ld be to shift the contents of the intermediate out,?ut register 
back into the B register at the same time the intermediate register 
is interrogated for output. Unfort11nately, this would require a 
considerable increase in components. 
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Turning no,.., to th~ A r:.egis·'.te-r-~, the· t.hree. ·typ:e:s: .of· d·ecad.es required . 
are sho\rrn in Figure· 5, Fif;Ure 6: and Fiiiure 7. 
Decade O (Figure 5) receives· th'e numerical input information frot1 
:the· l-:eybo2 .. rd. Digits are 'shITted. to the left out of de~ade '0 by 1nearis 
cf a "ri~le shift_", 
r 
i.e., d_ecade i4 is cleared, a.ecade 13. i:a shifted 
. 
into decade 14· ·at the same time clearing decade 13, and so on until 
) 
decade O i:s ,shifted ·1nto. de.cade 1, at tl1e same ·tine clearing decade o. 
" lf· .a n9n .. z.~_ro nwrrnet :f,s s·h::i.f"tecl dtl.t .. 0£ decad·e. 1·4 ,1hen it is cleared during 
.a.: 11ri:P:9T:e.: shif·t .. ''°:, an overf1qW indication is given lFigu.re '/). 
Wlren the A regi·ster- is 9leared, urior t:o rec·eiving a ·dectrri:al nµmb~-~,. 
~: ··tl1e. c:o·re n:0.11 of each: de·cade. ~s set, a.nd all the other cores of the A 
:·r¢gister are cleared-.. ·T.hus· a decimal "-zero" is· stored in the A regi.st-e~ 
after clearing. Up.on .completion of reading in a number from the k~ypp·arcr,:-
the value of :th·e digit stored in a giv:.en decade i:s. represented by a 
binary bit stored in the ~ppropriate· core ~f the given decade.-: Thus only 
one storcl.ge core of a .. de:ca.de, wll1 be set at any given time • 
. .Puri~ an addition. (o:r· a s:ubtract1on) operation, before a given 
.one -~·or· the nine :pi.:tlses· f:ron. the .co:ttt-rol .-µnit. re·~ch};fs a given decade of 
th.e 13-. register, th.e· ,c~o·rr:e_s,p·o~di_ng de~dt~ o.f th$· A ·register is interrogated. 
If -~he.: :n~b~;r of .. pu.ls~s h~v-i.116. ·pa:ssed ·dn to ·the d,acad·e ·Of the B register 
'i;s- t·he. ·,s.arn·e -.a$ 'the 11uwpe-r. _s,tored in- thoe :a:.E~ca.o.~- ·of fh:$ -.P~ register, then 
., 
·a.. s-.ig:nal is: .sent to the q.e~de of the :B register ·which prevents fur·.th;e·r· 
:pul.ses f~9m re.aoh-ing- the B· register decade,: 
For exanmle:·,. ·a·sswne core "A u is_ i.n :t.be =.s:eit. state (Figure .5). 
,.. · ' · · · · i · · · 00 
:Before the occur:r.ence .of: t.11e: fi_rst ·pulse of the train fro1n the control 
"A " 00 ' through core "O " to d_ecade O 0 
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'" of the E register. Tl1is pr·.ev.etrts a.·ny .q~· ~lie nine pulses :from. ·rea·chlng ,~. 
d·ecade O of the B re~iste.r, thus ,a zero' is .added -to t:h,e .. ·c.ontents of 
decade O of the B register. 
I 
. .(,. 
Several additio11s would ·be "'i :p.:eqe·s$_ary .. t·o th·e: a ..'bove· implemen:ta:tl.o~ 
.. of the A register ;=to enable it.s·: use fo.r multi.p2icat1o~ and ·:dlv.tsi.on., 
.The ability to shift th~ .. contents of the A re.gister to the right is 
. . 
. 
. r:equ.irec... An extra set of .co1.1d.i.tional transf.er :100:ps between adjacent 
. '· 
.. 
:depades wo1.1ld suffic·e'.· 
A n1ore diff·icult :pr·obJ.$.m:, however,; .is th.e fa.c.t lh9- t, fer mul tipliea:ti,on: 
after an interrogati.9ri.. :It :1:·$ pOS$1ble to. ,do. th:i·s µ~tng two Gor·es· per· . . 
. 
._. ~--·"II.· 
but this would require consider~ble .add.it'ional circuitry. One other 
possibility is the use of transflu."'to.rs, restoring their contents· 
f·ollowing each interrogation. 
~he logic for the co~trol circu$t.: ts :sh'own i~ Diagram 3. The 
upper shift re~-iste·r is used to genera.t·e 'tpe "ripple-shift" which shif·ts 
t·he A ;registe,r t:o ·t11e left before the .input of a digit from the keyboard. 
So that the ·1ea;s,t. $.ignificant digit .of the number will be in cl.ecade 0 
when innut is completed, the "ripple.;.._shift'' ts generated ··1mtnediately 
before the keyed-in number is spifte~ t~--A register. 
The second shift register from :t11e: .top generates the puls_es 
which interrogate the cores of the A -register in the proper time sequ'ence. 
The -third shift regi$ter genera.t¢s the s,equence :of tin1ing pulses 
necessarJ for tl1e operation of the ··J3 r·e·gister. The b~-'ock of circuitry 
immediately to the left of tl1e shift register limi ~s the timing sequenc·e's· 
to nine repetitions. The .Pulse train occurring a~-- t_2 is the group of 
.. , ..... 
---- - -- ----- - -- - --
.. 
'·,; ', 1-: .. .,. ., 
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·~ 
pulses referred to· 's:o often· ln. previous dis·qUssion, .-
,. 
The remainder of th·e cj)rcuitry0 handles the clearing of the regfsters, 
/_ 
. . . 
storage of $igD.. irif.o·rrnation for the B register, and determination of the 
requi·red mode of qperation (addition or subtraction). 
vlith the exception of th~t 111hich Js ne.cessary for the implementa--
/ 
tion of the C register, it is in the control unit where the bulk of 
the circuitry t1ould have ·to be ad.ded to. handle .multiplication and 
division. For Iml:ltiplication, an additional shift register would be 
' 
required to generate a "ripple shift" for the C ;egister. Other control 
circuitry woulq. handle the number of additions·· of the A register ·to the 
I 
,, ... B register as determined by the contents of the C register, also the· 
shifting of the·A and C registers. For division, it is necessary to 
include the ability to shift the A register to the right. 
' . :·:-·, .. 
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V :Clrcuf·t Desi&· and Testing 
~ 
.I.n>or~er- ·t_c> inves.t·i._e;a·t·e t"he feasifrility of the proposed calculator, 
, .. 
and t·o check .. the logic a.n4 t·imtn·g, a s~ngle dec_ade of the _A re~ister, 
~ 
' 
a single decade of tne· :a -register, an<Psome of· the ,cont:ro.l circuitry .,,.. 
were assembled. n_efore· tl1is could be done. h·ov-1ever, it· was first 
_:nec·e~sary to desi- nd test SD·, svr and pulse driver circuits. 
.Fat the s,·1 circ1.1i ts, .the i ''worst case'' ·d~s-ign algo.r.i thn1s ;: 
_E:;Ls' ~te·scr:ibeo. by G. E~ Lund in r.feyerhoff, et ·.a:1 t · tJ,. WJ;-r;·e 
us.~d~ ·-s1nc.e these t-wo· ·$yn..thesis routines :are· ,tell ·cl.oc'l$ented in the-
·ifbo.ye: ¢.i·ted refe:r·enc.e, t:hey \'1ill not: be .rep.eat.ed 'her·e. ~ssentially, 
the algori-thms rnak~ use. of t-he ~-gn~ti-c ,node equations for· the. core 
and the eieQ_trical loop equat.ie>n.s :(or the diode connecting loop. The 
....... 
assumption ls. made that voltages_ du.e· to flux swi tcl1ing, under a constant 
~ . 
. 
ma.gnetomotive drive force, are ~.onstant. Perhaps the· mos-t important 
.factor taken into account is· :the· ·tol-erc"nces of the· components. In 
addition, for the SD·case, the noise generated down a back loop 
{lI2 __ '· of Figure 1) during forward. transfer is cons-:id.ereo.. For tl1e ·s1v-
case, the unbalance -noise during "zero" trclns·f.et~·(Figure 2 and. -s:e.e 
description of ~/ ci_rcui t in Chapter 2) is considered • • 
The_ .f.er:romagnetic toroi.dal cores acquired for use izt ·the c"ir.eui ts 
R 
. ' 
w.e·re of· unknown cornposi tion and characteristics. The necessary magnetic 
parameters were d.etermined eX}_Jerimentally, see A1Jpendix I. Also shown 
... 
_i-n Appendix I are the electrical characteristics of the 1.·!est:ern .Electric · , 
J}JJ666 .diodes to be us:ed:• 
\~ ~ , .. ; 
· 11W1.iIZ"· pr.ogrcJDs· (.see Referenc·e 9) were written for ~,,¢ ·on the 
.. GE-225 digital computer to implet1ent both the SD and. tne :S\i design 
procedures. Since both· routines rnake us.e. of th.e data :0n ·_(fraph 1 and 
..... :.·~· 
-_"I.: 
• 
:;; __ 
.'-..;,.._ 
, .. 
.... 
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Graph 2 \1i~>~)entj.,1x·, tJ., th·e. e · curves were· approxi~ted by continuou.s 
..., 
functions· :(o.r use: iri the· computer programs. The inver.se switching time 
. 
ve,rsus q._ri""te .{_Gra1Jh. l) :• botJ1 for t4e .. sl..owes·t· core and the fr ... 3tes t core, 
I 
Wa$: :ap~Jr.o::cimated' by a, cs·"tra:ight line. The .. ~roltage vers:is curr~nt. curves 
for· the t\'10 worst cas·e diodes (Graph 2) were approximated by eipith-
ord.er :polynomials. Th.Ef latter curve fi tti:q.g was done by a least-sqt18.res ,. · 
,... 
polynomial curve-fit routine. · 
-
Tl1e fi·nal prograln focr the SD design procedure is· given in Appendix 
I I· Tl1e pro:g:r'i:1m .assumes t:;n .. fni.tial value for number of turns on winding 
· 1J2 (see· Fit;ure :1) , ti1eii ·ca1:cu.lates the nwnb-e·r of turns f o~ windings N1, 
.• 
-~-~- and N0 .and ·the: .inverse noise criterion for the circuit_:. In addition, 
-~--- -
,II 
:f\o-r: the: case of the t·ransfer of a "one",· maximun and minimum switching 
·tt:rne for the transmitting core, maximum and minilDlun loop current, and 
maximum peak voltage across the drive winding ar~ calculated. The a'bo.ve : .. 
· sequence is repeated for other integer values of N2. 'The correct set 
of -design ct.a ta to use is chosen by comparing the inverse noise criterion. 
·w.ith- the shortest switching time- of the transmitting core.* Th·e -value 
of:·1f2 finally chosen, alone; with. its ~orres:ponding set of design 
values, is that which results fn a shortest switching time for the 
·t:·rg.11s·mi tting core :iot less. than the inverse noise criterion. 
·'> F'or :the ·components selected, a_ dr1 ve pulse amplitude of 200 
J 
tni1lla,no_:·:·s·,. -and a drive"~,,, se :-duration of 10 microseconds,· the SD \~ .. 
I\, \ 
\... 
*-- ·'l1l1e inverse noise criterion is a t!i.reshold para~eter measured in time 
units,. Transmit ting core swi tcl1ing times shorter than the thresl1old 
·give rise· t.o s~ficient current in the back loop during forward 
transf·er :of a 11011c''·, to partially switch. the previous core. See 
Figure 1. 
' .. 
,·. 
~· -, 
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. ... 
design :9rogram indicates that ·any ·o.f the. -fnteger values· :l, 2 Or 3 vrould • .. 
be satisfactory· for the ·numbe.r ·of turn$· :on v1indin& 112 • 3 turns· was · 
. chosen for 1r2 :s~~-ce Jt .:resulted· iri :1.0~1e·r loop cl1rrent val11es, as well 
as a lower peak :vo:1tage· across tpe d·rlve w~ndinis, than t_h-~ other t,110 
· choices. Thus tl1e· flnal circuit d.es:i.gn was a follo\trs:: )1T0:;· 2:2 turns, 
y 
. A six stage ~-hfft r·egister -w9~ bu.,il t· using one of: th_e ab.ave 
" 
c,irqmt·s per stage. -r:rh~ -r.esu.lt-s ;Were very satisf.actory. s,.1itc·hing 
t-i·mes' averaged a Ii t i1e .oy:~r :2 microseconds. Figure 8( a) tl1rough 9 ( b) 
·sl10,., the resulting wvef arms r:or the -cir;c-u~i..t design. It \otas found that 
the drive curren.t tolerances could be· rela.~ed from· :t: lO'p to ~-~ 50.C;, ~-2.C:f/, 
. l, without appreciably effecting. circuf't operation. The above· .mentioned 
. . 
shift register was connected as a ring-counter, which was succes-sfully 
·operated for 32 hours ( the test then being terminated)· without information 
loss. 
The -program for the .. 4e·stgn. of the SW circui-t :is gi_ve:n -in Appendix 
II r •... At first an a ttem:_01;- wa_s :rnade to design ~- ,s;'f: c.irctti t. -µ.slng the same ; 
drive current as that- for the SD circuit above, i.e., 2-00 milliamo.s-. . . '•' . 
. . ' .•. 
' I 
:By the use of t~.e computer ·program it was found tl1at 200 mi_;ti_ianb.s: was-
:1:nsu.fficient drive current for a $1v circuit using the cores and dio0,:es 
at hand, When the proposed drive qur:rent was increased to 400 mHtia.mp$, 
a solution was obtained. This, -1:$ the· s:olution shown along with the 
-
.... 
.. program in Appendix III. / 
A oten bit sbif t register \tas .bu:il t :usirte the Sl:f ci·r.e~it aboye_. · 
At first the shift register eiid not :ftl!lction corrEfc!'tl:r. the_re anparently , 
. 
-
' 
·- was insufficient transfer of ene_f€:f· between cores C:L.uri~g tl1e shifting 
of a "one"•.; 
,; 
--. -~ ~--
--·--~~·-- ···---.-
--~---
·~ 
. ·1 
~-- ------ ~ -
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" (a) Voltage Across Drive W.inding For S- D Circuit. 
HORIZONTAL: 
VERTICAL: 
I 
I- MICROSECOND PER DIVISION 
5 VOL TS PER DIVISION 
( a) 
(b) 
(b) Voltage Across Output Winding Of Transmitting Core 
~ 
For S - D Circuit 
HORIZONTAL: I MICROSECOND PER DIVISION 
VERTICAL: 5 VOLTS PER DIVISION 
t" , , I I I,/ r 
·,. 
JB 
I 
} -
• 
(a) Drive Current ( I 0 ) For S - D Circuit 
HORIZONTAL: I MICROSECOND PER DIVISION 
VERTICAL: 100 MILLIAMPERES PER DIVISION I 
(b) Loop Current For S - .D Circuit 
( Large Pulse - 11 I II Transf e·r ) 
\ 
~· 
HORIZONTAL: I MICROSECOND PER DIVISION 
VERTICAL: 200 MILLIAMPERES PER DIVISION 
FIGURE 9 
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t:h·.e windings. #3.6 } •• s.~(.G. en:~meled··con1)er .. v,.i:re· ··wa:s· used for w:tnding·: 
, . 
. · t.he cores. This wire has· an approximrtte. DC resis·tance of 1/2 ohm 
per f·oot. ·However,· this resistance increas.es .considerably _at· higher 
, . 
.'frequencies ( 2 ol1ms per £.0:ot ·at·-~ khz, ·as. meas-µred on an impedance ·~ 
• 
.. b·rldge). About one foot of wire is- used fn· ,.,inding 111 and 112 (see_ ~ 
Figure 2). rt. was found experimen.tal1.y tl1a·t if the resistances R1 · 
and ,,R2 wer~ re·duced fron 6. 8 ohnJs ·-tq. ·3 .• 3 ohms·; ;t·h·e .. expected circuit 
res _p o·ns e w~s cl.chi eved,.. · 
-· The :15. ~Jc:rohet.,.ry i-nui.itrt.or prov.EJd. to be the correct value • 
Iiicreas.ing· th:.e :iP:cl~ctance impeded the effe9-ti ve transfer of a "one". 
'D~::c:r·ea.sifie t:he ·valu~ of the inductance caused .a ·significant increase 
·:i,n ,noise transfer during the shifting of a "ze.ro11 (§ee SW ci-rcui t 
} 
description in Chapter 2). Unfort11nately, the high cost per unit 
• 
.of c·ommercial inductors appeared to be a significant stumbling block· 
precluding their use. This p;r·_oblem was overcome by- subs ti tu ting a --~ 
core { same type as_ used i-n t:he ·circuit) wound with the same number of 
-turns as N1 and with th-e .same type wire. This · proved to be a good 
c4oice, ·as no.w t-h-~·. branch: resistances .. were more nearly ba.1~nced, and 
. """' forward noi·se: -was: a.lm.os.t c·qnrpletely blank:ed out during "zero" transfer. 
The circuit vo.1t'age- :and current waveforms were found to lie 
within predicted. limit-rJ. The resultant waveforms are similar-to tho·se 
shown for the SD ci:rcuit, differing only in magnitude. 
•. Fina1·1y,. a :pul·s·e driver was designed. Stnce :th,e· pulse. driver 
,1011.ld..: have: to .. ac:c:ept a variety of input sigp.als:, and drive a variety 
·o·f. output, _loads, wi tl1 a' standard current pulse, a transistorized 
·. ', 
___..... 
' o·i-ockii+g o:scillator4" was chosen. Figure 10 shows the circu.i t diagram 
for ~ru:cl1 ~ ,p1J;lse driver. The .transistor used for the initial design 
. i 
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.. 
··, •. 
. : I 
·.~ -reasonably hisl~ gain· (i.e.. hfe greater ,.than. J,O) :arid ~ su.ff iciently 
~nigh power rating, would work, Tl1e magnetic core us.ed was a GL 
;:;{L¢ctrpnics type .~1010-.J.I2 (Sup.er ::I-1-ID 80. core: .1I10:terial). mainl:Y.· · 
b~oi?.use a sup1Jly of these \ras 'at hand. Bia-s voltage VB:a was set at 
-
,2 i,,o:It·$. pos-ftiv·e t:o prevent the blocking osciJ.lator from rtmning fre.e. 
Vee was e.·e·t at, -.2:4 vol ts. 
A circuit ·meeting .. -th_e· re.quirements to ·d·ri ve t_he s:i.x bit SD timing 
shift register in the ,·coll t~.ol unit waft_ chosen as thef. f:frs t driver to 'be 
designed. Using1.the design· equations on pages Wl · t·o .-603 of Reference 
·· 10; the following circuit wC?-.s arrived at: collector winding - 72 turns, 
base winding - ~6 turns, l:oad winding - ·36 turns, RE -. 15-_ohiJlS .. This 
circuit was built and found to function as expected:· 200: miliiampere 
~ 
. 
pulses, 10 microseconds in dw.ati-:on, driving against 1i vol.ts into a 
6o- qhm load. (In this applicat:.i;e>_n,. :the blocking o·scillator must be-
.capable of driving at least 200 milliamps against approximately 12. 
volts; 10 volts across the drive winding of the core transferring a 
"one" and t\'IO volts for noise switching in the remaining cores.) 
wben the above designed driver circuit was used wi·th the six 
bit shift register, the output pulse to the shift register was found-
to, under these conditions, have ap.:_ "on-time" of less than 5 micro-
seconds. This is .. c!ue ... to the fact tha.t upon completion of the transfer 
of a "one" from one core of the shift register to the next, the -load 
resistance seen by the blocking oscillator drops appreciably. This 
,Q 
sudden loading of the blocking oscillator causes the circuit to shut 
o_ff prematurely. Since the transfer in the shfr-t register is already 
~ 
completed when. the drive pulse ~erminates, the.re is no ad.verse effect 
• 
"'· 
. \ 
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. c!!f.. 
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• 
• 
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Vee ··-
I -
• 
,I 
BLOCKING OSCILLATOR 
FIGURE 10 
OUTPUT OF BLOCKING OSCILLATOR 
FIGURE II 
• 
---,,. 
HORIZONTAL: 
10 MICROSECONDS. 
PER DIVISION 
VERTl-CAL: 
200 ~.~ILLIAMPERES 
PER DIVISION 
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on the ner.±7.ormance of the shift register. As a matter of fact, since· the ... 
pulse is foreshortened~ th_e po,ier drai_n in the blocking oscillator is 
lessened. 
'• 
It was soon realized, however, that using the ·blocking oscillator 
' ~ alone would. require the redesign of the blocking oscillator for -each 
different .. load requirement, since the load resistance and load current 
I 
effect the design parameters. '-·In,,;order to forestall this proliferation 
; 
' 
~ of circuit designs,· an addi tio,nal transistor was _added to the blocking · ,A 
\ 
oscillator. The base-e.mmiter junction of the additional PNP transistor 
was placed in the emmitter circuit of the original blocking oscillator 
transistor. The load was placed between the collector of the ad~itional 
transistor and the -24 volt supply. Now thee current to a load could be 
adjusted simply by adding more or less resistance to the collector 
circuit as required. Varying the load resistance of the additional 
t 
transistor has no effect on ·the turn-on time of the blocking oscillator. 
•,·-.,i..;--
The sharp decrease in the load resistance of an ·_sD circuit upon 
cocrpletion of transfe_r of a "one" does pose'-"ne pro bl-em with the 
augmented circuit. The drop in load resistance implies an increase in 
. ' 
current through the additional transistor. Since the blocking os~il,lator 
no longer is effected by load changes, the·pulse will remain on for the 
.full 10 microseconds. Thus the latter half of the drive pulse is 
-~issipated in the second transistor, with, the possibility of burning 
out this transistor through overloading. One solution \to the problem 
would -oe to shorten "on" time of the blocking oscillator. This must be 
~ . 
. done with care however, to insure that the pulse duration is longer than 
:the longest p.ossible switching time of the s1·ow~at transfer loop. This 
. 
·' 
, 
,,r' 
difficulty does not arise in .the case of v,,tKe S1·/ circuit since the load . . 
' ..,, ..... 
.... 
. , .... ,// 
~eme.ins almost constant in this CfaS'-(.' 
,. ,• 
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T·he bloclcing oscillator could be fired et th:et 't,y: '·the use 01· .an 
I ·additional winding on the core, or by gated· input· to the base of the 
.t·' blocking oscillator transisto·r. ~ .. · The output of one of the block,ing oscillators, fired ·U$:ip:t$ :.~n 
" extra input winding on the ¢or~'; .. and driving 10 S1i loop:s,, -is :t,:how:il.· . -
(. F. e.11'· 
. 1n 1gur • 
Using the -SD:, ·51,1 and ei.ri ver circuits designed .above, a single 
de .. cade of the A register, a single decade of th·~: B register," and the 
timing register (of the .c_ontrol un_it were buj.1t·, :Bt' the use of manual 
switches, the· te·st circuit was ~stepped through. an .~(id,.i tion :a.nd.: .a 
subtraction, and c-.the· carry circuitry was tested. 
Only o!le. difficulty was uncovered. That was', in the carry· circuitry 
in ~he B register, allowance had not qeen· made for the possibility of ~ 
. 
.. :an ·~ddi tion being performed which wou.:ld roove the -.$:t_o·red _bit to core 
n9- tt 
' ' 
/ ,· 
. followed by a subtraction whi~h would move the. .. ${oFed bit ~out of 
core "9". 'J.'his wa~ c::orrected. i_i1 the final d.esign ·('see ·Di~gram 2). 
I 
In the test· cfrcUi t, :.outpu.t of the '.B register was displayed. ust~ 
neon lamps, (NE-2J d:riven by s·i.1.lc:oh :¢ontrol:led rectifiers. 
', 
'j 
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VI Output Display 
·I In· th~t ·:pa:rt: of the system· constructed and -t._e:sted (see preceeding 
c-ha.pt·erJ., ~e:on iamiJs were used !'or display of: B:· register output._ While 
th~ :co·mp9nep;ts ate relatively inexpcns i ve, thi:s me:tlrod. of display would 
b.e inconvenient to use becc .. use of its Ii.on-tn~line nature. In addi'tion, 
it suffers from all the disadvantages associated with the next output 
~.,/ 
system to be considered. 
One means of display, whi:c}l is in.- :~ii,d'es.pread use in qurrently 
' 
available desk-top calq_ulators ( 2), is C?~ld-~,,athode numerical 
indi'ca-ting tubes of the "Nixie" type. While this 't1ould :preseD:t a more 
q·9n\r.~nient format to the operator, it does have its disadvantages. First, 
_ a: driver or interface .circuit is required for ~ch numeral of each 
~ecade (1.5.0 such .circuits 111 the case of a 15 decade B register). This 
\'toilld materip,lly contribute to the. cost and complexity of the calculator. / 
. 
:s·econd.ly~. it ·Would be very inconvenient to display input da. ta, and, 
:finally~ ·no permanent record of input or output is generated. In many 
.. ca_s,e·s a printed record is convenient, not only as a permanent record of 
th:e results of the calculations, but as a means of checking against 
·ope;:;r~tor errors. 
This leads, naturally, to the consideration of printed paper tape 
outputs. These could be in one of two formats~ parallel or serial. 
Parallel printout (i. e., all digits of a number printed out 
·simul tarieously) suffers from several of the disadvantages of the 
., _.\. 
indicator tube display. As before, each numeral of each decade would 
" require an interface circuit. Printout of the A and C registers would 
~ 
' 
. require many transfer loops between- the registers and the printing 
unit. In addition, the printing mechanism would have to be quite complex 
.... 
/: 
' 
r 
, ,--~·. 
,:. -~ . \,. 
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·i; 
. . . . 
\ t:-o allow for t-he· '.pti.-n·-t"ing· ·of fJftee11 nwae-rt¢~l columns, ~ign and onerator, 
. 
. ~ 
_as well as handlt~g the: indexing of th·e :pap·e:r~ . 
In the cas .. e of serial printout, hq~1ever, -only a few· -more than ten 
.¢}1a.:racters (ten nun1era.ls and any desired alphanumeri"c cJ1ara.cters}· in 
orre- s:ingle col11mn a.re required •. of co:urse s"ome means of indexing .the I 
paper tape must talso be- .i:nclti.decf •. This printout ta·s i~(3 following • ( 
I 
·addi~ional advantage_. As clat.p. is entered via keyboard swi tch·es, the 
:(l~~a ·can·, at the. same· t1n1e~·- be typed out. T·his would alleviate the 
ne~~ss:i. ty of connecting each position of .each d~ca,de. of the A a.nd C 
.registers to the output cJ,rcu:i"t-ry •. Furthermore, the shift regisf>er, i·n 
t-he ~.ontrol illli t, whtch genercttes the A register "ripple shift", could 
be, used to serta1ly sam_pl:-e: the,· decades of the B register duriM .out.pu·t. 
of same. 
Printed outpµt of either format does have one disadvantage. Tb.a.,;·t 
i~, the noise and .-inherent unreliability associated with the mechanical 
printer. ) 
of both the urinter outuut ,and 'the indicator· tub:e :outuut, ;t:he c·h·o.ice 
.· . •'• . 
..s.: 
-~ . . ·. 
. 
. •.. 
-· 
. :.:.... . ' 
. 
·. . . 
• 
wo-µld be greatly influe~c.ecl by th.e: i_nt:e.nded application ·of the calculator. 
t,tore s:ophietl.cated output components are available, for instance 
··the ~t"h:od.e ray· tube alp:P,anumeric displays ( 2) .- Unf ortu.nately, 
·t:·hey would add 9:o_~;t a.nci complex·i ty without greatly enhancing the 
-capability of .su.~J-i .~n. intentionally •1.sim?le-minded" system. 
... 
,. 
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. ... •' 
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VII Conclusion · \ 
The cons·truction and testing of a portion of the system, as 
described previously~ d.emonstrated _that the calculator design was . . 
. ' 
,· J· ) p·racticable froJJ a loglc. and timing standpoint. However, as· should 
.. 
. 47 
be readily apparent to any·one familiar with logic networks, ine.fficient 
use is often .made of· information storage capacf.cy. This h~s been .. 
necessitated by limitations in the logic capabilities of the core-diode 
circuits used (1). 
,,, 
For instance, in a decade of the A·register (Figure 6), if the 
) d:ecima.l information were in binary-coded-decimal form, only four cores, 
would be needed for storage, rather than the nine originally used. Here 
9 
the difficulty of impl~menting "and" gates from core-diode logic 
. 
~ 
precludes the use of binary-coded-dec.imal storage. Were this format 
to be used, "and" gates would be necessary to decode the A register 
~ for B register control. 
. ., It .is possible to rE3duce the number. of components ·tl:l.rou.gh the use 
. ~ ' 
' 
. 
. 
. o,f ferrite devices of troecial configurations ( (6); (7), (8)). For -
. 
.. example, in Figure 12, a transfluxor and five toroidal cores replace 
r 
the ten toroidal cores normally present in a decade of the A register. 
Unfort,1nately .a price must be paid for this simpl.ification. During ea.ch 
C minor timing cycle, five pulses a~e used to shift. the stored bit around 
th~ loop formed by the fi v·e toroidal cores. This, of course, results 
in an inc·rease in po.\'1.er conswrrption over the original configuration . 
. The core logic: ~nd pulse driver circuits for· the test setup were 
designed to,. make use of .-components on hand. This,. in the case of the 
'<. 
core-diode logic circuits, resulted in designs requiring a conside~ble 
· number of turns on several of the windings in the· transfer and· drive 
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l:oona-:~ $:tnC$ ·one ·o.f' the··. major.co-st facto·f·s in constructing the proposed ._..;..: 
·ca.1cula tor· would. ·b .. ~ that, of winding the cores, a reduction in winding 
~ . 
• 
{•,;' ( E. corresponaing cost reduction. The comuuter 
·• 'I 
... ·ciesigri pro6ra-nts. :.sJ:.oµld make it nossi·a1e to. select core tY"9es ana. sizes 
requiring fewer total turns. The factor of :power consU:IDption must, of 
course, always be considered before arriving at a choice. 
. ~ 
. Likewise, the pulse drivers should be redesigned to min~mize 
internal uower dissination. To furtrJ.er reduce the cost. of these drivers, -
ferrite cores can -be u.seci for th.e~-·transformer in place of the mO're 
ez:pensi ve tape cores ( ~.O) • 
I 
/ At the ti~e this uro .;.ect was ini tia tee., one of the reasons - .) 
ferrite core logic was selected _was its low cost when col!I08,red to the 
.. 
then available d\screte transistor logic circuits or integrated digital 
circuits. Recent precipitant down.trends in per-unit prices of integrated 
circu.i<tts force a reconsideration .of this choice. In light of this, is 
the sys ten as· :propose·d- here compatible to the use of integrated digital 
i.ogic'l 0n :t:he: sys tei;n level there are no roadblocks to such a changeover. 
·O.bvi.ousty, ho,veve:r; .. tn~. cc11.culator would l1ave to be redesigned at the 
.leveJ. of·, i·nd.i~idual 1-ogic functions. 
,../ 
-1 
As .--$.Il example,, Figure 13 is a redesign ot a decade of the A 
regis t.er. Using readily available integrated digital circuits, this' 
would at· ntost consist of five packages •. As an added bonus, this A 
(' 
register ·d.·eC?,.de '.iould require no additional ci.rcuitry for use in 
mul ti:pl ica tion, since .readout is .. non-destructive. ( See Chanter J) 
.In conclus·ton, it has ·b .. ee.n._ shown that the· nronosed calculator is ' 
-
:t·easible, at least froo the standpoint of logic and timing design.~ ..... , 
Howeve·r, comolexi ties in d·eta.iled logic- layout« forced by the limitations 
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of ferrite core logic. ra.is:e :d.oub.ts as to the pract:iqa;·11 ty of such a 
. ... 
... ~. system. Fortunately there a:·re ·alternatives to the: US,e· of ferrite core 
. ' 
logic which, whi'le requiring some redesign, would, :·re:s.ult in significant , I 
••• 
simpli:'::.cations with a resultant lower cost • 
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Appendix I 
' 
·neterinination of Characteristics of Ferrite Toroic.a2- Cores· Used: 
. / 
. 
. ' 
. Cores ::.,re of· unknown.composition. Physical dimensions: o.1B6 11 
outside,··d'iameter, 0.120 11- inside diameter, o.·047'' in thicknea·s. . . ' . . 
. 
Graph l is a plot of the ma_gnetic flux switching· ('reve:17s_al): 
time versus applied magnetomotive force. For each measur~ment, the 
J 
' core under tes.t was· first reset by a pµlse of amplitude 200 milli-
,. :a-mperes, ·E,. -mic.roseconds wide, through a ten turn windinis· The core 
was then -~~'t 1l:>y· :a vc;tria.ble amplttu<le: c:urr.ent pulse th·_rpu.~11 a .st.ngle. 
turn winding. \. 
52. 
·•' 
The switching time is here defined to be the differential between i 
·the time. of arrival of the drive pulse and that point in time when the 
. 
. 
resultant voltage waveform has d~cayed to 90% of it£? ma..~iiuum valu~. The 
' 
exact definition of switching time is not critical, just so long as a 
consistent usage is maintained throughoµt the calculations and rneasurf3·.;., 
men'ts.- The switching times were meas1=].red off of :ppo_tog.raphs taken o{ 
o:scil.loscope clis·plays of the v,61tage wavef arm •. :(Fi_g-t.tr~: ~ i.s an exampi-er 
.. 
. o_f.:.- ~uch a waveform) 
The noise threshold was da.termined as _follo~rs: Th-~-. ·s_ct-mple core 
·was. first reset as above. Then eigh~ con$e·cutive set pulses were 
applied,· followed by anotl1er reset pulse. The teat sequence, was 
repeated,, each time increasing the set pul-se amplitude until a notice-
able change was observed in tE·e resultant voltage, waveform· of the 
terminating reset pulse. The magnetomotive force of the set .pulse leve~ 
at which this occurred was used as the noise threshold magnetomotive 
fore.~ .. ·The average value of this was found to be 0.14 ampere turns.· 
~ 
:No·t·:e 'th~_-t·, 'th.1$ noise threshold magnetomoti ve force criterion is a 
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· more stringent requirement tha11 th&..t :U$e.d. iri J !eyerhoff, ana so r~ay be 
relaxed some,,hat, if necessary, to facfli tate circuit design. 
The ma.::inrum' and minimum switching flux were estimated by ·gra11hically 
integrat_ing the vo+ta_ge. versus time nho.tograpr~s us~d, i.n ·d~riving Gra!)h 
1. The ma.xi-rrrufu switcl1ed flux ras fo~ci t:P p:e· ·o. 4_$0· mtcro\alebe.ra, the 
minirnum, C).3·7:0 microwebers (out ofa. ~ampling of fdu,:r···cores). 
Determination· of Characteristics of Western Electric Ty-pe l}TJ666 Diodes -
U-rapl1 2 is a pl:ot of the volta&e versus applied current for the 
diode. This data- ·was· :talren simply by··applying a 10 micro.second wide_ 
.i 
-current .pul.se .of knovm a-rn\11it.ucie to: the diode, and m:easuxln·g· t_he 
·: l t· was. f·ound that ·t·he ri SJ~ t-ime of the di ode was no greater than 
.. \ ::: 
that of the applied ctirr·ent dr·tve _pul·ses· (approximately 0.1 micro-
seconds), and so the .df ode :ristI t.ime wa~ i:g.p.ored~ i:n al.l -ca.1.culat:.ions:. 
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P L C .\ L C L L A T F n \/ A L L E () F" R E A D W I N D I N G t N, 0 1 r 
PV Si<tP, SKJP, NO ., [ 
P I C 1\ L C L L A T E= D v A L U E O F'" L O N G E S T S W I f C H I ~J G T f M E C 
~J) A T R A N S r-, T T r T N G C O R r:; [ T A L M A X J C 
PV Si<TP, SKifJ, TAl~AX [ ; 
PL rAL rt.,1 ATFD \/ALL;F POR INVERSF NO!SE r.RJT~RIC 
0~ tTPJ r 
J PV SKTP. SKTP, TP f 
P L r 1-\ L r ,~ L A T F n \/ A L L F O F' -~ A X T M U M P F A K V O L. T A G; A C 
' C ~ () s s n ~ I VF w I r,i C T 1\ r, r VO Hp MAX ' [ 
P \I S K I P , S K I P , V O 1-i P M A ,< [ 
Pl rALCLLAT~n VALLF FOR SHORTEST SWITCMING rrc 
ME rOR TRA~SM!TTI~G COR~ [TAHMINJ r-
PV SI< TP, SKIP, TAHMir'\ f 
Pl M.1\XY~!JM Af\JfJ f'-'!NfMUM LOOP CURRENT TN AMPS f 
P\t S~TP, IL, ti M{~:IMUM #, YH, #MAXIMUM#;, [ 
P I S ~ r T r, H I ~ G . T r M E C H O S E N F n R. C O R E 8 W A S T O O S L O W C 
~nR C~CSFN CORE [ 
Pl Tf..~ GH0SFhl -VALIIE CF'" DRIVE PULSF DURATION IS TC 
OC. SLOW FOR CHf'lS~~ VALlJE OF SWITCHING TIME F'OC 
R r. CI~~ R [ 
PL CALCIJLAr·rn~ OF' TA~MIN nro NOT ro~JVERGE ( 
PL THF VALLF; Of N2 IS. l 
P\/ SKTP, SKIP, N?.,, f 
,CALCULATE ~AXTt-'Ut-1 DIODE VOLTAGE GfVEN 
'F. I r--..1 G T I ~ E A N n '-, 2 Cf- R E C E I V t N G C O R-E-
· t L = -r F OM AX+ 1 / ( t. 39150•1)IVM [1 J J J IN2 
DI\/M r1 J =DirM. ( TLJ 
-, 
,! 
SWITCM t 
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J 
J 
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·1· . . 
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l 
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[ 
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[ 
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J 
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l 
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·r.· 
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.J 
l 
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r 
[ 
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MfNlJS ELSE 
[ 
[ 
l 
r 
( 
( 
'] 
'[ 
[ 
t 
[: 
r 
;,·, 
] 
l 
l 
.l 
J r . J 
J , . r J 
' 
.J 
' 
J r J 
J r : - J 
J . r J 
, , r J 
, r ·1 
1 r 1, . · 
1 r 1 
1 r 1 
1 r 1 
1 r 1 
, r ·1 
J r l 
] [ ] 
, tLOOP] 
l [OUT J 
J fOUT l 
, r J 
J r J 
l tLOOP] 
r 
r 
t 
J • 
J 
] 
] 
J 
DIVM, 
DIVM, 
DIVM. 
DIVM, 
• 
-· --- - - _....!!_ __ 
'l•• .... 
----- - . - - --- - - --- -
.( \ 
' 
. ' 
e 
l 
e: 
e 
' 
·e ! 
•••• 
. ~ . 
e 
: 
·.' 
-· 
# 
069. 
'O 7 0. 
0 71. 
072. 
073. 
074. 
• 
075. 
07t. 
071. 
078. 
079. 
080. 
081. 
082. 
083. 
08.4. 
085. 
0 86. 
087. 
088. 
089. 
090. 
091. 
092. 
093. 
·< 
094. 
095 .. 
096. 
097. 
098. 
099. 
• 100. 
101. 
102, 
103. 
104, 
105. 
1060 
107. 
108. 
109. 
110. 
111. 
112. 
·/· 
SEQ ~ABL- TVP STATFMENT C 7.FRO ~OT 0 
'!. 
.. t O n 1 0 0 D I O M , J: S I I R '~ n U T I N F T O C A L C U L A T E M A X I M UM F' 0 Ri,W A R ·D Dton [ ] [ 100200 <J:E·votTAGF GJVFt\ Fl'JRWARn CURRENT F'OR THE 100300 i1N3666 n1rnF J C J [ • 
WE n £ 
1 
. r . 100310 n.6-0J0~1 r11 
. [ ) [ 1.00320 nJnMc1J.,.o.n1 
· r J [ 1 0 0 4 0 0 TC T fl L: Cl • 2 8 R'A 7 9 • 9 , 'D Q 5 51 •·D IO M C 1 l -13 9 • 5 7 6 •DJ OM t 1 C , o o ~ o o 1 .. n r (J ~ r 1 1 
· r ] ·[ 100600 TCTALX=DTO~[t1•C!0~[11•DI0M{1J $CURE [ J . :[ 100700 TCTAL:lrJTAI +1_.373, 76762•TOTALX [ l C 
J 
J 
] ' 
J 
.] 
' ] .. . ' 
' J 
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l 
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; ·1 
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MfNUS 
[ J 
r l 
C l 
t ERRMril 
tFRRB' 
[ l 
[ ' l 
t , ,.. 
· ELSE 
t 
,t 
r 
r 
r 
r 
r. 
r 1. 0 0 8 0. 0 T C T A L X :: r I n ~) r 1 1 * T () T A L X $ F O LJ R T ~ P r'l WE R :[ · 1 r J 
r 
t 
r 
r 
[ 
l 
J 
1 
[ ' 
[ ' 
r 
r~ 
1.0~900 TCTAL.:TCTAL""77r-,4. 74044~TOTALX :t t.01D-OO TCTAL.)(=CTO~;r11~roTALX , ifirIFT~ POWER 1 t01100 e;, .TCTAL::TCTAI +?C,493,0~30•TOTltLX [: 101200 TCTALX=[~IO~r1J•TQTALX $SIXTµ POWER r. 1_ o 1 ~~ o n r c r A L = r c r A 1_ - 4 1 G 6 '"!i II 4 5 q 9 * r o r A L x r t D 14 0 0 TC TA LY: [ T O ~ r 1 l •TO T AL X $SE VE l\i TH POWER [' t01'500 TCTAl.::TCTAL+47R97 a C1030•TOTALX 
.[ 1,01600 TCTAl.X=rro~r1J*T0iALX $EIGTH POWER £ 101700 nrQ~[1):TOTAL•1966n.9~~7•TOTALX r t01710ERRM Pl /\8r1VF. RANG!= 0~ 'CURAENT TN DJOM BUT CALCULA1'!: t t01720 ·PVLD[ntv(1) £ 1ot12i;; n1nMr1J=DJrMr1i•1.75 r 101.7,30 PV ,, [ t O l 7 4 ('l E R R 8 P L R E L n tJ R A N G J: C1 P C U R R E N 'f Y N D I (l M 8 U T C A L C U l A T !: C 101745 PV ,, ( 101750 DfnM[1):0,1R [ 
:!Jo• 
,, 
10l800DI0V, ~SIJAROUTINE T (J CALCULATE MtNtMlJM F"ORWARO D'I OD r 101900 'f E VOL T,AGE GIV~t\ FORWARD CURRENT F"OR T.HE WE r 
' l02000 l,11'i166~ orrn~ [ 1.02010 0.6-l}ff1V [:t l [ 1-02020 rJrnvr.jJ ... o,n1 t t02tOO TCTAL:0,33n773+5,5~826•DI0V[}l~65.9168•DT0V[1C 10-2200 J•f1rovr11 [ ' ' 102300 0 TCTALX=CJ0V[1J•CYCV[1J•DI0V[1J ,: CUBE r 1.02400 TC T AL::lCT Al. +5r37, 782823•TOTALX r :l.02500 TCTALX=D10Vf1J•TOTALX if OURTH POWER l t.02600 TCTAL:;TOTAI -3245o27107~TOTALX r 1.02700 TCTALX=DI0V[11•TOTALX $FIFTH POWER [ 1.02800 TCTAL::TCTAL+1DR33n~208"'TOTALX r 102900 TC T A L )( =1D I O V r t J * T OT A L X $SIXTH POWER :r 1.03000 TCTAL~TOTAI 
... 2 11 7 ''"" -1 4 9 O * T C T A L X 
,, '. ,., 
;.[ t03100 TCTALV=DYOV(il~TOTALX §SEVENTH POWER r 103200 TCTAL~TCTAL+22~17a0770•TOTALX r !03300 TCTAL¥=CI0V[11•TOTALX $t!GTH POWER ·r 103400 DI0V[1l:T0TAL·0627,13844•T0TALX [' 103410ERRV PL AB.OVE RANG~ OF CU~RENT TN DinV BUT CALCULATE { ,, .. 
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l. 
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J 
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[. ',J 
[: ·1 
:[ l 
l l 
l ] 
t l • .. 
l l 
[: J 
[, ] 
f l 
·r 1 
[ ' ' 
[ 
~ J f l 
[ l 
[E?RRV] 
[ERRLl 
[ l 
, . 't l 
[ l 
[ l 
.. 
.[ J 
l J 
[ 
' [ ] 
[ 
' t ] 
' 
[ l 
( 
' 
. 
( ] 
[ .. J 
· . · · ';·· ~~-·--,,,/1: ~:., :) ',,;, '.<: ,i;i'.s~·;,.:,:.:;:;,:~:;.;·;:,:;:L:•.•\;:;I;;:,' ,=·,;:.,;.:,.•_ --~:/.' ~ ·:_-,-, •, ... :~ ';'.,, ::-".' _' .. ;·s:·e,···1.·_.-·, -, .. ,:,: ."•; ,·_· ;',\' ;1, :':;i.:.,' i ·. :>::·· <'" ·., ;r_- . .. 
-~.\ 
.. 
r 
[ 
r 
t 
r 
t 
r 
r • 
r 
, r 
t 
r • 
t 
t 
t • 
r "' 
t 
r 
.t 
r 
t 
t 
r 
r 
t 
r 
t 
r 
t 
t 
t 
t 
t • 
r 
L..---, ~ ~ ,-, J 
-- u ~ ~
· 
-~ 
·e 
,· 
e 1 DIOM, j J 1 DIOM, 
J DIOM, 
1 DIOM, e 1 ·DI OM, 
J DI O·M, 
1 DIOM, 
1 DIOM, 
J ·o I OM, e, 
J, DIOM, 
1 DIOM, 
1 DIOM, e l DIOM, 
1 ··otoM. 
l DIOM, 
1 DIOM, 
1 OIOM·, 
l DIOM, 
1 DIOM, 
1 DIOM, 
1 DIOM, 
1 DIOM. 
l DIOM, 
1 DIOM, 
l DIOM, 
• 
] DIOV. 
] DI OV, 
] DIOV, 
] DIOV, 
1 DIOV, 
1 orov.-
] DIOV, 
] DIOV. 
J DIOV, 
] ' DIOV. 
] DIOV. 
] Dtov. e. 
l DIOV. 
] DIOV, 
1 DIOV, e 
l DIOV, 
] DIOV, 
] DIOV, e ~·1 ] DIOV, l i J 
• r· C -I C "f-1 "c -------·· ---
. ' 
.... 
113. 
114. 
1'15. 
··116 • 
11,·. 
.118. 
119. 
120. 
121. 
122. 
123. 
12,4. 
125. 
., 
.:t, 
126. · 
127, 
128 . . 
129. 
130. · 
!. ,-·,,-,:,:,:·.~~ -\/~~-~r? f,,;:i,,'.\ ~ ' 
. .. , ......... ~· ........... .....-~..,.,: .. . 
·SEQ LARL TYP· 
103420 
1.03425 
1.03430 
·PvLnrovr11 
ntnvr1J=1.ri5 
p V • ' -
• 
-~-
STATF=MENT · .. 
• t03440ERHL. P L R E L O ~~ R A N G J: 0 r: C U R A E N T T N D .I O V 81::J,T C A L C U L A T E ' ' 
103445 "'\,-., p 'I • ' 
!.03450 f1 t ,., v r 1 1 = 3 R • n ! o ,., r 1 J 
' 
' 
.. 
t03500SWTJ. 
103600 
<f:SlJRROL'T INJ: TO CALCULATE SW ITCHING T IMF OF' F' A 
1.03700 
10371nWORs Pl 
103800F • 103900 
t04000 
,, 
t05000FSL , 
1.os:1..nn 
10~?00 
,sr SA~PLE S-6 cnRF GJVEN MMr 
S~TT [j J:11r-n,764100+1.391~0•SWTI [~. J J 
Tf\SUFFirTEt\T M~F F'nR EOUATION.TO BE VALin 
( 
<f5tJRROlJT IN~ T rJ CALrULATE MM F OF 
~ .. f) r,nRE GTVEN SW ITCH I ~JG TtME 
Fr~1=r:11Fr1 J+n.. 7641.00 J/1,:39150 
i SUHROUTINF Tr CALCULATE M~~ OF 
'I S-6 CORF. GIV~I\ SWITCHING TJMF 
~5L[1J=[O,P747~+1/FSL[1]J/1,4475 
. , 
FAST SAMPLE 
" 
SLOW SAMPLE 
2 2 0 0 0 0 0 IJ T 
220001 
Pl ENn rF DFSIG~ PROGRAM 
ENDE~r OF PROGRA~1 
·-
i.· 
i 
' 
: 
.. 
s 
.... 
C., 7FRO NOT 0 
'[ ! ] [ ] 
r ] ,[ J 
[ l [ / r 
• 
r j ' [ ] 
r J [ J 
[, ] [ l 
... 
r r . :,- t ·] 
r r J l 
l ] J l 
J. J [ l 
[ ,. [ .... ] .'· . 
[ J .[ l 
[ l l ] 
[ J r l 
r l ,' I l 
r l t ] 
[ l r l ·~ 
t l [ l ,. ,·' 
. 1·:. - - - - - • 
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PLUS MTNUS 
..,,,. 
[ J ( -, . 
r ] [ 
,, 
' 
[ l .[ J 
r l [ l 
r .. l t , 
r· l ' [ J 
,.. 
: .... ;.,. 
\.:, 
4' 
r l [ J 
r; l r ) 
t l [WORSl 
r r [ l 
·~ 
'' 
·r ,, ,.•· l [ J ' ' 
r l t J 
J r [ ] 
r t l J 
r J: t ] 
r l [ J 
r ' ,J [: J 
r ) [ J 
//'-
. ,:., ...... 
~ 
61 
ELSE-
t ] DIOV, 
r ]. DJOV, 
r • 1 · DIOV, 
r ' J DIOV, 
r J DIOV, 
. r • ) DIOV, 
r J SWTI • r J SWTI • r • ] SWTt • r • 1 SWTI I 
t l F" I 
t 1 F' I 
t .• l F' • 
~.,.,.,,,,-J;,,J 
r ) F'SL • t ] F"SL • r • ) F'SL I 
r J F'SL • r ] ,sL ., 
. '
" ' ,J: 
' 
·.;/\ 
,I 
'! 
.1-1 
~-i' 
' 
e 
e 
e 
e 
e 
e 
• 
Ii 
' I 
;•.: 
ii 
1 
! 
I 
e 
e 
e 
. ; 
" 
e 
·e 
·,· 
\ 
TAP L fz'• * • • •. 
AND 
n r o v 
ERR;, 
ERR'~ 
FIAM[N 
F' 0 p 
F" SL 
INT 
I H 
N? 
N 
PO~JN 
R ET. · 
TBLMAX 
-TP 
TRHMIN 
VrJHPMAX 
.--------
,.I 
UNUSED MEMORY FROM [QCTALJ 07:,i?. TC (OCTAL] t6247. 
•. 
... 
( 
'\'_ 
·-;.-......- . 
.,., .. 
. ~ 
•\' 
·•·· 
'· 
•~BS 
r, I OM 
ERR3 
FRRV ; 
POMAX 
F' 
· f OL. 
fl 
JH1 
N1 
ON 
PN 
SWTI 
TEXT 
TAHMJN 
TOTAL 
WORS 
.. 
.. 
• 
.. 
-,·I• 
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.- . 
DfVM 
ERR1 
ERRM 
F'J8MA)( 
FOMtN 
ERRL 
ICM 
IP -
LOOP 
NO 
OUT 
POOL 
SKIP 
TALMA)( 
TER .•. 
TOTALX 
" ... 
·- ... _ -- -----
\' 
--· 
. . ;, : ~, . 
el 
l 
•l_ 
•1 
e 
' J 
l 
---. 
. 
e: 
.,,_ ... e .·.· 
e·· 
.... 
-· ----------- . -
,a 
~ 
••• 
e 
e· 
e 
e 
e 
e 
e 
e 
P ~ 0 G R A M T ri n E S I r, N A N S n ·L O n P , S I ~ · G L E.. C O R F T O · S . .I N G L E r O R E . 
. trcR~ R R~SET BF~ORE WRIT~ T)~E] 
T t--1 F- V A 1 .. U f: S O F ~ W I T r. H I 1\ G F l .. Li X f r Q G n ~ ~ S . r M f C R O W F 8 E R S l 
"1AXl~UM VALUE 4.c;oooono-01 MYN!MUM VALUE 
T ~ F V A L U E O F M A X J M I J M 5 ~-' ! T C H ! N G T I M F F C R R E C: f.: I V f N G ·· r, 0 R E 
1.~5oonnn+no · 
' ~ T H F V A I . U F. S '1 F P R O J E C T E n . T ~ H F S H r L O ~· ~ F ( A M P E R E .. T U R N S ] 
M,lXIMUM VALUE 6,4Cooono-Oj MINIMUM VALUE 
M I ,.,, I M U M R E A D P l J L S F D U l=i A T I O r,.,; r M I C r;: C ~ E C O N D S J 
9,nooonoo+no 
VALUES OF RF:AD ClJRPE~T fA~'PFRESJ . J 
MtXI~"1lJM \/AI_LIF ~.2oooonn-01 MINIMUM VALUE, 
NOJSE THPFSHOLi~ MMF rAMPF~F - TU~NSJ 
1,Aooonoo-n1 
A L l. 0 W A ,~ L lo: I N· V E H S E t\, 0 I S ~ F A G T O R 
1. nonooon-n1 
' 
N E \A: T R T A L U S I I\) G A ~! A S 5 l 1 ~ E n V A L L F. 0 r ~I 2 
ABOVE PANGF OF CURRENT INDIO~ RU,T c,Lr~LATE 
1~·n1~54~8+0o inrrMrl] 
\ 
ABOVE RANG{-.: or: r-URPENT IN ·nro·v· RlJT" G-A"'LCULATE 
1 .07~5448+00 iL1rnvr11 
~ 
A B O V F P A N r, f-- 0 F C l J R R E N i T N t) t O V :R0U ·r C A L r U L A T E 
1.07~544R+oo inrnvr1, 
... 
/" 
A8CVE ~tA t\1 G F OF' CURHEN1 IN D1 QM,- Au·r CALrULATE 
1. 0755448+00 $DIOMf1i 
-~ 
.. 
'· 
ASCVE ~ANGF or: CtJRRENf IN '· ll I:O·M · UT 
.R ... C:A L CLJL A: TE 
1.0755446+00 '.tD!r"lM[11 
. 
............. 
ABOVE ~ANGE or CURRENl IN lJ I OM RUT C A:L6UL.A TE 
1.35':>4682+00 $0JnM[1] 
ABOVE RANGE Of CURRENT J N l1 I OM RUT C'ALCULA TE 
' 1.·3554682+00 
~n r ri-M r.11 
I 
--·,, 
/. 
. ; 
)···- ·, 
3. 7000000-01 
r M' CROSECONn~ J 
5,4000000-01 
1. a a o o o o o - 01 
,. 
.. 
. 
P· 11:..·.';• 
--~· 
.'ii·. 
•• 
• 
' ,. 
-"\ 
. I 
.. ' ,. ~ 
r 
·" 
---
f 
., 
e. 
-
-
e 
-
e 
e 
.. 
• 
., 
- y' 
' 
. . 
ABOVE [?ANGF or CURPENT rr~ D!OM RUT CALrULATE !,3446362+00 intnMr11 
ABOVE RANGE 0~ CURPENT IN DtnM ~~T CALCU~ATE 1 • 3 4 a 6 3 6 2 + o o· # .. <f n r r~ M r 1 , 
' ABOVE RANG F OF' CUR PEN T r N n IO M RU l C AL r UL "ATE !.,34',0553+00 %DJ0M[ l l 
ABOVE QANGF nr .C'URPE~lT JN D!()M qur CALrULATE 1 • 3 4 i; o ':> 5 3 + o ·n ~ n r r M r 1 , 
A 8 0 VE RANG E- 0 ~ C LJ RP EN T I N ·n I OM RU T .c :AL r'tJL A TE 1.34~0391+00 inrnMrt1 
TUR ~1s (Jf\l I NPl,1 T TO s COP~ w It-.. DI ~.r: ( "' 2] 
1.,rioooooo+oo 
CALr.ULATED VALUF OF A CORF ruTPl 1 T WINDit-.!G (N1l 1.,,ooonoo+o1. CALr.LJLATED VALUF CF' ~EAP wr~nir-Jr, (~;0] 
6,fl000000+01 
q; 
.~. 
C A L ~ LI L A T E D V A L U f- 0 F' L O ~J G F S T S W I T C H I N G T ! M E ~ 0 R T R A N S M I T T I N G C O R E 3,Q33j333+00 
CAL~ULATFD VALUF F'CR INVEPS~ NOTSF r:RITFRION fTP] 
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TCTAl_gTCTAL .{,47A97on0309TCTALX J 
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PR~GRAM TO DESIGN A CCPE SW LOrP, ~INGLE CORE~ITH ~NDVCTANCE IN LOWFR PATM 
.. 
THE VALUES OF SWITrHTt\r; F'LUX FCR CC"RE~ [Mfr.ROWEBERS) 
MAXIMUM VALtJE- 4,,oooono-nj MINIMUM VALUE 
T H F V A L U F O F M t1 X I M U.M ~ w J T r h I N G T I M ~ F C A RF r. E I V f. N G CO RE 
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. r-1 A X I ~ U M V ~ L U F 6 , t1 l1 n O O n O - iJ :1 . M I N I M U M V A L U E 
Ml~'IMUM RFAO PULSE DU~~TION rMICPCSECONDS] Q,nonoooo+oo 
v•Lu~s OF" "READ CURRE~1 T r A~,PERE<::, ' 
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f~ A X I M U M V /J. L U E 4 • 4 lJ O O O D O - 0 1 M T .N I M W M V A L U E 1 
NO!S~ T~RFSHOLD MMF rAf..1P~F;F - TUPN~J 
1.,4000000-n1 
1. rononoo-n1 
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T H F P R F L I ti. I N A R Y V A L U F O F ~i 2 I "J T U R to..: S I c; 
A.,nonoooo+oo 
T t- ~ V A '- U E O F T- f-l t= L n O P R E S r S T O P I S 
' 6.ROOOOOO+OO OH~S 
T ~ ~ T U Q N S O N T h t O t ·' T P L T A ~ f1 D R T V F: I,., I N C J N G T S 
; 3,4000000+01 
T H F- L o n P r u R R E N r I ~1 A tv P s r s r M T ~ r ~ 1 1 ~ 1 
1,c:;198~20-01 
THF NOMINAL INDUCTANCE JS 
1.~000000+01 MJCROHENRIES 
T 1-1 F L O ~-1 Gt S T SW I T C H Y NG T J MF F OR T R 4 ~, S M I T T I N G CORE 
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THF SHnRTFST S~tTC~ING TI~~ FO~ T~A~S~TTT!NG CORF 
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T h F L O n P c U R R E ~' T I ~,i A r,., P S f S r M A X I M t I tv J 
' . \ 1,P272200•01 
THF SHnRTEST S~TTCHING TI~~ FO~ A ~ErEIVING CORE 
1,~13290R+OO MICROSECONDS 
MA~IMUM PEAK VOLTAr,E CROP Ta nRtVEP 
1,M689348+01 VOLTS 
~ N D O F D E S I G f\i P ~ C) G R A M 
END OF DAlA . 
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